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ABSTRACT

This report considers the effectiveness of current noise regulations in
Appendix F of FAR Part 36, examines the potential effectiveness of future
technology to achieve further noise reduction, and evaluates a number of new
concepts for noise certification procedures for propeller-driven small aircraft. The
latter were based, in part, on results of a flight test program carried out with
Cessna Aircraft Company, to evaluate the utility of takeoff noise tests and the
possible use of sound exposure level as a suitable metric for noise certification of
the subject aircraft.

The study indicates that existing regulations have been effective in stimu-
lating development of quieter propellers for the existing fleet of propeller-driven
small aircraft. However, it does not appear economically feasible to achieve more
noise reduction in most of this fleet using existing technology with the possible
exceptions of some of the two-engine aircraft. However, application of future
noise reduction technology, primarily for quieter propellers, should allow a
reduction in current noise limits by about 6 dB and should redu_e levels of the
noisiest aircraft in the current fleet by as much as |0 dB.

A takeoff test is appropriate for all propeller aircraft except those equipped
with cruise-optimized fixed-pitch propellers. For this test, the current level
flyover test appears to represent the noisiest operating condition. Sound exposure

level is applicable as a preferred noise metric to be applied to all propeller
aircraft, regardless of gross weight providing, in part, the basis for removal of the
discontinuity between Appendix F and Appendix C. It is estimated that current
reguiatory limits for small and large propeller aircraft could be translated to a
single consistent takeoff sound exposure level limit of approximately 90dB as
measured under the takeoff flight path at 2.5 km from brake release.
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1.0 INTROODUCTION
.1 History of Noise Regulations for Small Propeller Aircraft

The noise abatement regulatory program of the Federal Aviation
Administration was initiated in 1969 by means of Federal Aviation Regulation,
Part 36 — Noise Standards: Aircraft Type Certification, published in Federal
Register 34 FR 18355, November 18, 1969. The regulation at that time prescribed
noise standards for the type certification of subsonic transport category civil

aircraft, and subsonic turbojet-powered civil aircraft of all categories.

Since 1969, the requlation has been amended on a continual basis to take
account of, and to ensure the enforcement of, new technology which would lead to
an improved noise environment around airfields. In addition, amendments have
been adopted to inciude other categories of the civil aircraft fleet such as
supersonic aircraft and propeller-driven small aircraft. Noise regulations for the
{atter, first adopted as Amendment 36-4 on December 31, 1976, were a result of
the Federal Aviation Act of 1958 (49USC(431), amended by the Noise Control Act
of 1972 (PL 92-574), which mandated FAA to consider noise regulations for each
particular type of aircraft. NPRM 73-26, published by FAA on October 10, 1973,
set in motion this rulemaking process which culminated in Amendment 36-4 to
FAR Part 36 which prescribed:l

", .. noise standards for the issue of normal, utility, acrobatic, transport, and
restricted category type certificate for propeller-driven small airplanes; to
prescribe noise standards for the issue of standard airworthiness certificates
and restricted category airworthiness certificates for newly produced
propeller-driven airpianes of older type designs; and to prohibit 'acoustical
changes,' in the type design of those airplanes, that increase their noise levels
beyond specified limits."

This amendment applied to the above categories of aircraft with maximum
takeoff weights of up to and including 12,500 Ib. Simultaneously, with the issue of
this new rule, FAA also issued an NPRM relating to EPA's proposed version of noise
certification rules for small propeller-driven aircraft. Subsequently, following a
review of the proposed EPA version, some revisions to the FAA rules were
published as Amendment 36-6,2 effective January 24, 1977, No substantive
revisions have been made since.3 However, subsequent to the Sixth meeting of the
Committee on Aircraft Noise in June 1979, Working Group C of the International

-
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Civil Aviation Orgarization (ICAO) has been involved in discussions of possible
further refinements in these rules.u (Chapter 6 and Appendix 3 of Annex 16,
adopted by ICAO in Amendment 12, April 1974, has very nearly the same noise rule
for small propeller aircroft as adopted by FAA. Until recently (1981), the ICAO
rule had a requirement for "maximum continuous power" as the test conditior\,5

whereas FAA requires, according to Amendment 36-6, "not less than the highest
power in the normal operating range ..." as the test condition, Both ICAO and
FAA rules now requir: the latter power settings.)

At present, therefore, the general concept and rulemaking basis of the
existing FAR (and ICAQ) regulations for noise limitation of small propeller-driven
aircraft is that of the state-of-the-art (in technology and available noise certifi-
caticn procedures) which prevailed during the 1973 to 1975 time period, with
constructive reconsideration during the formulation of Amendment 36-6 during
1976. Since that time, considerable experience has been obtained in the implemen-
tation of the regulation and in the response of the aircraft industry to meeting the
noise limits imposed by the regulation. Further, the noise limiting procedure
adopted in the regulation is now applicable (as of January |, 1980) to all newly-
produced aircraft witnin the scope of the regulaﬁon.*

With the benefit of this experience and with a view towards future needs in
the amendment of regulations, FAA is currently engaged in a program of
evaluation of the current regulation for small propelier aircraft and of possible
changes. This report represents part of that evaluation process and is a result of
studies performed by contractors under the guidance of FAA's Noise Policy and
Regulatory Branch, Noise Abatement Division.

1.2 FARPart 36, Appendix F, Procedures

The application of the regulatory procedure for noise limitations of small
propeller-driven aircraft is described in Appendix F of FAR Part 36, which
prescribes limiting noise levels and procedures for measuring noise and correcting
noise data for the specified aircraft.

FAR Part 36, £Appendix F is reproduced for reference purposes as Appendix A
to this report. The following is a brief outline of those parts of the Appendix **hich
will be further examined in later sections of this report:

“Excepﬁng agricultural and firefighting airplanes employed in the use for which
they were designed.




l. The procedures require that a minimum of six level flight flyovers be
performed at a height of 1,000 ft (+30 ft) above ground level. The
power setting of the aircraft during these flyovers should not be less

than the maximum in the normal operating range of the aircraft. (This
is now commonly referred to as "maximum normal operating power"
(MNOP).)

2.  Noise measurements are to be obtained, during the overflights, in terms
of the Maximum A-weighted Sound Level, in decibels, using slow

averaging meter response, during the overflights,

3. Sufficient flights (at least six) shall be performed to establish the
arithmetic average of the measured maximum A-weighted sound levels

with 90 percent confidence limits of 1.5 dB or less.

4,  The measured average maximum A-weighted sound level must be

corrected by a calculated performance correction factor:

AdB = 60- 20 logq (11,630 - Dy RIE , 50)
b4

which is algebraically added to the measured level. This correction
must be calculated using

D50 = Takeoff distance (in feet) to 50 ft obstacle height at maximum
certificated takeoff weight,

R/C

Certificated best rate-of-climb, and

\ = Speed for best rate-of-climb, in same units as the best rate- of-

climb.

Where DSO is not listed as approved performance information, the
values of 2,000 ft for single-engined aircraft and 2,700 ft for twin- or
multi-engined aircraft, must be used.

5.  The correction factor is limited to 5 dB.

In essence, therefore, the procedures of FAR Part 36, Appendix F for small
propeller-driven qircraft are directed to measuring the maximum sound level which
would be typically experienced during 1,000 ft height overflights by aircraft

o




operated at the maximum normal operating power setting for such flights. The
incorporation of a tak:off performance correction factor to this measured level is,
in reality, an allowance for the fact that under best rate-of-climb takeoff

procedures, many aircraft will achieve a height greater than 1,000 ft when
reaching a distance of 11,430 ft (3.5 km) from its brake release point on the
departure runway. The performance correction is equivalent to, and derived from,
a simple inverse square law correction,

adB = -20fog,y (Peth)

where h is the expected aircraft height at 3.5 km (11,430 ft) from brake release.

The topics to be addressed in this report are primarily concerned with the
effectiveness of the above procedures as a means of regulating aircraft noise,

taking account of the experience gained to date in their implementation.

1.3 FAR Part 36, Appendix F, Noise Level Limits

All gircraft which are required to comply with FAR Part 36, Appendix F, as
part of their type certification must comply with noise level limits based on the
maximum certificated takeoff weight of the aircraft. These limits are shown
graphically in Figure | and apply to the measured sound levels obtained by test and
corrected according to the performance correction procedure as described

previously.

As shown in Figure |, the noise limiting process has a time phased application
which depends on the date of application for a type certificate. The basic limit set
by the regulation applied to aircraft for which application for a type certificate
was made before October 10, 1973. This limit was 68 dB(A) for aircraft with
weights up to 1,320 Ib, increasing at a rate of | dB/165 Ib to a limit of 82 dB(A) ot
3,630 Ib, and constant at 82 dB(A) for weights from 3,630 Ib up to and including
12,500 Ib. The second criterion applies to aircraft for which a type certificate
application was made on or after January |, 1975. This second noise limiting
criterion restricts the noise from aircroft with weights from 3,300 Ib to 12,500 Ib
(inclusive) to a maximum of 80 dB(A). It is also applicable to all production
aircraft which did not have ony flight time before January 1, 1980,

The FAA noise limits were established in 1974 after considerable public
' Alternative

discussion of technical practicability and economic reasonableness.
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FAK Part 36 Appendix F Noise Limits
82 (a)

sol [ (b)

781

76

72 . .
Approximately equivalent

to EPA Proposed Limits

EPNL = 89 - 15 log ('2’\200)

LA
dB(A)

PV

62 |-

' A

0 5,000 10,000 |
Maximum Takeoff Weight (Ib)

Notes: FAR Part 36 Appendix F Noise Limits Applicable When
(a) Type certification applied for on or aft. r October 10, 1973;

(b) Type certification applied for on or after January 1, 1975, and for
Production aircraft with no flight time before January 1, 1980.

Figure 1. FAR Part 36 Noise Limits for Propeller-Driven Small Airplanes
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proposals for regulatory noise limits were made by E.PA6 during subsequent
reviews. The EPA proposed more stringent naise limits, expressed in more complex
noise units of EPNdB which require spectral analysis of flyover noise histories and
the application of duration corrections. An approximation to the EPA proposal for
aircraft with type certification after January 2, 1980, is shown in Figure | for
comparison purposes. This proposed limit was expressed as

EPNL = 89 - 15 log (12,500/W), EPNdB

where W is the aircraft maximum certificoted takeoff weight, in pounds.

The approximation shown in Figure | is based on a relationship between
EPNL, LA Max and aircraft weight derived from data presented by EPA.6

The primary objection to the EPA proposals was that they would incur an
unreasonable economic burden on the manufacturers, purchasers, and operators of
future aircraft. FAA agreed with these objections and retained the current noise
limits with a proviso2 that these limits could be lowered "according to the
deveiopment of technologies and to the cost-effectiveness of prescribing those

(lower) noise levels."

1.4 Study Objectives and Methods

The purpose of the present report is to examine (a) the effectiveness of the
current noise regulation for small propellei-driven aircraft, and (b) alternative or
supplementary procedures that would ensure that new cost-effective technologies

are utilized to achieve noise reduction in new aircraft designs.

As was the case during the introduction of Amendment 36-4 which first
presented noise standards for the propeller-driven small airplanes, any further
amendment which affects the marketability of aircraft will be subject to close
scrutiny by the industry and others. [t is clear, however, that experience gained by
the industry in meeting Appendix F current regulations will provide a more
realistic basis for the evaluation of any new regulation. Further, work on
examining potential amendments to the regulation has been ongoing for some
years, by FAA, ICAO, and by the industry. Another factor of high significance is
that a considerable amount of research has been performed in recent years to aid
the development of general aviation technology. Most of this work has been
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performed since the introduction of Appendix F noise regulations, and while
directed more towards improving the efficiency and fuel economy of general
aviation aircraft, significant advances have been made in the understanding and
control of the predominant noise sources of these aircraft.

In pursuing the objectives of this study, therefore, the work reported herein
relies heavily on examining the experience gained by industry over the past 5 to
10 years, the effectiveness of the FAR Part 36 Appendix F in causing this
experience to be translated into the design of quieter aircraft, and the current
state-of-the-art in developing new technology which has potential for further noise

reduction of the small airplane fleet.

The first of these, the effectiveness of the current noise regulation, is
examined in Section 2 of this report by reference to industry's response to the
regulation and what this response means in terms of noise levels around airfields.
Results from a demonstration flight test program are used to examine the
relationship between level flyover and other flight modes. These are further used
to develop a takeoff noise simulation model which is then applied to a data base of
aircraft comprising 90 different aircraft types of the currently noise-certificated
fleet. The need for change in regulation is examined in Section 2.3 and, as a
guideline to fulfilling this need, the requirement for noise controls to be design-
oriented rather than by operational restrictions is discussed in Section 2.4.

Section 3 of this report examines the ability of noise control technology to
provide cost-effective noise reductions. This is first summarized in an overview of
the state-of-the-art. This overview is followed by examples of the application of
current technology, which requires selection from a matrix of "off-the-shelf"
propeller hardware. In this evaluation, three baseline aircraft were analyzed by
means of a Cessna Aircraft Company computer program for aircraft design sizing.
Each analysis examined variations in propellier diameter, activity factor, blade
number and rotational speed (rpm), and their resulting effects on Appendix F
flyover noise levels and aircraft performance characteristics. The potential noise
benefits of new (advanced) propeller technology is evaluated in Section 3.3. This
evaluation is based on recent published analytical studies of propeller noise, which
employ the most up-to-date noise prediction methodology. While these studies
have yet to be validated by experimental proof of their findings, they have the
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benefit of introducing the elaborate detail of airfoil and pressure loading charac-
teristics into the noise evaluation process. This is a significant advancement over

earlier methods, which deait only with the gross characteristics of propellers. The
overall findings of this evaluation of noise control technology is summarized in
Section 3.4.

Section 4 of this report examines the potential for amendment of the noise
regulations for propeller-driven small airplanes. Three particular aspects of the
regulation are investigated. First, the potential of adding a takeoff test procedure
is considered. Second, the study considers the use of different noise metrics, such
as those which include noise duration characteristics in the evaluation, those which
are more amenable to measurement by direct-read instrumentation, and those
which are more compatible with the environmental noise indices which are now in
use. Third, the problem of continuity and compatibility between FAR Part 36
Appendix F and Appendix C is examined. This problem of continuity occurs for
aircraft which may have maximum certificated takeoff weights in the region of
12,500 Ib such aos are currently being considered for 16-20 passenger commuter
missions. Recent studies have indicated that design optimization for specific
mission scenarios could affect the weight parameter sufficiently to cause a change
in the applicable noise regulation. Clearly, any discontinuity in noise rules should
be avoided, especially when it may detrimentally affect design optimization. The
results of the above three-part examination of the noise regulation are summarized
in Section 4.4 using the simulated model of takeoff test procedures. In Section 4.4,
the takeoff noise levels are predicted using a conversion from the maximum
A-weighted sound level, LAqu’ to the corresponding time-integrated metric,
sound exposure level, SEL (or L AX? in ISO terminology). Graphic presentations are
then given of the expected trends of these modified noise levels with respect to
aircraft weight and measurement location (i.e., distance from takeoff brake

release),

Section 5 of this report summarizes the primary findings of the study, and the
conclusions which result from these findings. Appendices B and C contain
summaries of test data (Appendix B) and computer analysis data (Appendix C)
acquired during the performance of this study. The former comprises noise level
and aircraft performance data obtained during flight tests of Cessna | 72P, 210N,
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and 402C aircroft in level flight, takeoff, and simulated Vy climb conditions at
F Sunflower Airfield, Kansas. Direct-read integrating sound level meters and
Nagra IV SJ tape recorders were used in each case to obtain measurements of
LAg ax' b AX»> ond Le q at two measurement sites and at heights above ground level
of 1.2 m and 10 m. These data are used extensively throughout this report.

Appendix C is a compilation of example computer data, supplied by Cessna
Aircraft Company, resulting from their use of the Cessna Aircraft Sizing Program
to evaluate various changes in propeller design applied to a Cessna 210N, 414A, and
a 441 aircraft. The data show the influence of propeller design changes on flyover
noise level, takeoff performance, and cruise performance. These are reviewed and

PO e

discussed in Section 3.2 of this report, as previously mentioned.

Finally, Appendix D provides estimates of the trends in noise impact of
general aviation aircraft in support of the discussion on need for source noise &
control and Appendix E presents a brief example of the tradeoff involved between
aircraft engine power and airframe weight to maintain a constant takeoff
performance. ‘ i




2.0 EFFECTIVENESS OF THE NOISE REGULATION
2.1 Industry's Response to the Regulation

Industry's awareness of the likelihood of a noise regulation applicable to
propeller-driven small airplanes started in the late 1960's during the rulemaking
process for FAR Part 36 noise standards for subsonic transport category and
turbojet aircraft. In fact, the industry began to intensify its efforts to control
noise of the general aviation fleet in |97I7 with a significant amount of flyover
noise testing of its existing aircraft and with experimentation on changes of
propeller and engine installations. Many of these initial programs were to some
extent based upon propeller noise control guidelines derived from noise prediction
methods developed during the [940-55 period. These methods were directed
mainly to the control of lower frequency harmonic noise content and empiricized
the so-called "vortex noise" which occurred at higher frequencies. It was rapidly
found that these guidelines were totally inadequate for design purposes to meet
future potential noise limits, especially if the limits were expressed in subjective
noise metrics such as the A-weighted sound level. Very little analytical research
on propeller noise was in progress during the early 1970's, most research being
devoted to helicopter and turbofan noise programs.

The industry, faced with impending regulations, therefore embarked on

experimental programs to determine

a. the noise signatures of its current fleet of aircraft, and
b.  new guidelines for noise control.

By 1974, when the FARPart 36 Appenciix F was adopted, the industry's
experience was still inadequate to resolve the major problems of system design and
most aircraft noise control programs were based on trial and error. In 1976, the
General Aviation Manufacturers Assocation (GAMA) produced a review do«:ument8
on research and development work performed by the industry during the preceding
2 years. This review illustrated clearly that whife very few of the design problems
had been solved, some clarification of the complexity of the problems had been
achieved. One of the most notable results was that blade thickness was found to
play a significant role in the A-weighted sound level of flyover events. Otherwise,
the basic design objective remained that of reducing the blade helical tip speed
with minimum penalty in takeoff performance.
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Since 1976, two separate approaches have been made to improve the design

prediction aspects of propeller aircraft noise. These are reviewed in Sections 3.2
and 3.3 of this report as part of an assessment of noise control technology.
Basically, the first approach was by empirical analysis of certification noise data
acquired throughout the 1970', for example, by Cessna Aircroft.9’ 10 The second
approach was by use of improved analytical theory for sound radiated by propeller
blade airfoils. The application of this latter approach has been oriented towards
theoretical studies of propeller designs using improved airfoil sections, blade
planform and thickness changes, and relatively new concepts such as blade sweep
and proplets (tip plate devices). These have been primarily studies by NASA and
universities, and have not, as yet, been used as design input by the industry.
Industry's experimentation with some of these new concepts, such as the Q-tip
(proplet), elliptical planform blade tips and supercritical airfoils has been generally
unsuccessful.7 Experimentation with blade number changes, as shown by the data
compiled in Table |, were performed to find combinations of biade number,
propelier diameter and rpm which would not significantly degrade the operational
characteristics of the aircraft - this being a major factor in safety and in
competitive marketing. Hence, half of the three blade test versions shown in
Table | were operated at higher blade tip speeds thon the two blade versions and
show no benefit in noise reduction. However, the change to a three-bladed
reduced-diameter propeller allows the FAR noise limits to be met at engine rated
rpm (rather than at a reduced rpm) which is a major factor in aircraft operating
specifications.

Reference to Figure 2, from Reference 7, shows that between 1972 and 1980
the industry steadily increased its data base of test results and ensured that all
current production aircraft met the 1980 noise limit by the due date. A similar
presentation is shown in Figure 3 for aircraft produced by Cessna Aircraft Pawnee
Division,

An indication of the methods employed to meet the 1980 limit is shown in
Table 2, which relates only to the Cessna cases. Of these example cases, the
highest nonrecurring costs have been incurred by engine changes to accommodate
lower propeller rotational speeds. The Cessna 152 now has a higher compression
ratio engine, the Lycoming 0-235-42C, which is the most recent of the 0-235
series and develops a rated horsepower of 115shp at 2,700 rpm and 105 shp at

B
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2,400 rpm. At FAR noise test conditions, it produces |10 shp at 2,550 rpm,
compared with 2,650 rpm of its predecessor. The Cessna 180 and 182 models now
use a Teledyne Continental O-470-U engine with 8.6:1 compression ratio requiring
I00LL grade fuel. Both these aircraft were noise tested with power settings of
230 shp at 2,400 rpm, a reduction in rotational speed from 2,600 rpm of the earlier
models, The turbocharged aircraft models, T206, T207, and T210, use a Teledyne
TS10-520-M/R series engine which can achieve its rated power of 285 shp at lower
rpm by increasing the inlet manifold pressure. Each of these turbocharged aircraft
was noise tested at 2,600 rpm (285 shp); that is, derated from 310 shp at 2,700 rpm.
This trend in engine modification to allow lower rpm to be used at maximum
continuous power is evident in other engine models being produced by the two main
suppliers of piston engines (Lycoming and Teledyne) for propeller aircraft. Geared
piston engines have been mainly limited to use in the twin-engine business aircraft

range, such as the Cessna 421.

Table 3 shows (approximate) estimates of the 3-year 1979-1981 costs of
these modifications for each of the aircraft identified in Table 2. These estimates

i0 for each model during each

are based on average monthly aircraft shipments
calendar year. On a unit cost basis, the average over all of the models identified |
would be of the order of $300 per aircraft. This does not, however, include

industry's costs of performing research and deveiopment for noise control purposes.

A new concept appears in the Figures 2 and 3 presentations which has not
been discussed so far. This is the use of "MNOP" as a means of complying with the
regulation. MNOP means "Maximum Normal Operating Power" which directly
relates to the FAR requirement that noise tests be performed ". . . at not less than
the highest power in the normal operating range provided in an Airplane Flight
Manual, or in any combination of approved manual material, approved placards, or
approved instrument markings; and at stabilized speed with propeller synchronized

and with the airplane in cruise configuration .. .", etc.

For most of the aircraft models currently certificated under the 1980 FAR 36
noise limits, this test condition is close to or identical to the "maximum continuous
power" which was the condition specified in the earlier (pre-1981) ICAO Annex 16

regulations for noise certification tests of small propeller-driven aircraft.

However, for those aircraft data points shown in Figures 2 and 3 as "MNOP" cases,
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Table 3

Estimate of Manufacturer's Costs of Noise Control
(Cessna Aircraft Company, Pawnee Division Aircraft)

Total Cost 1980 Dollars (Thousands)

Recurring

3-Year
Model Nonrecurring 1979 1980 1981 Total
152 488.0 127.0 90.0 61.0 766.0
R172 136.0 62.0 39.0 15.0 252.0
180 125.0 30.0 14.0 7.0 176.0
182 38.0 (71.0 (01.0 62.0 372.0
185 5.0 175.0 133.0 128.0 441.0
T206 31.0 - - - 31.0
T207 39.0 - - - 39.0
T210 38.0 - - - 38.0
337 3.0 - - - 3.0
Totais 903.0 565.0 377.0 273.0 2,118.0
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and for a total of 3| aircraft models in the current production fleet which comply
with FAR Part 36 noise limits at MNOP, the test condition was at o power setting

below maximum continuous power. These cases fall into two categories:

a. where the shaft horsepower delivered to the propeller is lower than that

for maximum continuous power, and at the same rpm, and

b.  where both shaft horsepower and rpm are lower than for maximum

continuous power.,

In either case, MNOP has been implemented by introduction and specification
of this limitation into manuals, placards, and instrumentation panel markings for
those aircraft, as required by the FAR Part 36 test conditions. Clearly, while
significant noise reductions are achievable at a reduced rpm condition, this also
significantly affects the operational characteristics of the aircraft. The MNOP
modification can therefore b2 used as a last resort for complying with the {980

noise limits, [t can also reduce operating and maintenance costs.

A major concern regarding the use of MNOP as a means of complying with
the regulation is that the noise test conditions become further divorced from

takeoff power conditions. This subject is discussed in Sections 2.2 and 4.0.

In summary, industry's response to the noise regulation has been successful in
that the current fleet of production aircraft meets the 1980 noise limits for flyover
tests at "maximum normal operating power." While industry set out at an early
stage to follow, and experiment with, the then-available guidelines for noise
control by design procedures, such methods were essentially abandoned in the
mid-1970's because of their lack of accuracy and consistency. Since the
mid-1970's through the final compliance date of January |, 1980, significant
success has been achieved in modifying some of the aircraft models which required
noise reductions to comply with the regulation. For others, the concept of "MNOP"
has been a final option, applied where other methods of noise limitation have not,
as yet, been successful.,

18

K




2.2 Effect of Noise Regulations on Noise Levels Around Airfields

While there is no doubt that the current regulation has been effective in
reducing noise emissions from aircraft operating at maximum normal operating
power, there has been some concern regarding its effectiveness in reducing noise
levels in the immediate vicinity of airfields. This concern is evident by the current
consideration of introducing a takeoff noise test to the ICAO Annex 16 regulation.
In very recent years, various individual and collective tests have been performed to

evaluate the takeoff noise case. In 1981, GAMA examined such cases in field tests
performed by its (industry) members.

The present study has been directed towards examining takeoff noise
conditions by means of two separate methods:

a. Flight tests were performed at Sunflower Airfield, Wichita, Kansas,
using three different Cessna Aircraft models in flyover noise tests.
These tests comprised 1,000 ft level flights (similar to those required by
the existing regulation), takeoff tests commencing from a brake release
runway marker position, and simulated climbout tests in which each
aircraft performed climbout at its best rate of climb and at Vy (speed
for best rate of climb) through a 1,000 ft height above the noise
measurement station(s).

b.  Noise certification data compiled by FAA on Forms 8110-23 (11-76) for
some 90 aircraft models have been used as computer data input to a
takeoff noise simulation model. These input data for each aircraft
comprise, in part,

- Maximum certificated takeoff weight,

- DSO’ rate of climb, and VY’ as used to calculate the performance
correction in FAR Part 36 Appendix F,

- Propeller rpm and flight speed during the 1,000 ft height flyover
test,

- Engine and propeller type, and

- Measured and corrected values of maximum noise level, LAMox’
dB(A), averaged for the flight tests.

The use of these data in the noise simulation model is described later. First,
the flight test data are reviewed for information concerning relationships between
level flyover and takeoff condition noise levels.

19




2.2.1 Comparison of LAMax Values for Different Flight Modes

‘ A full description of the flight test program and the acquired test data is
§ given in Appendix B of this report. In this section, reference is made to the

maximum noise fevels measured during each of the test flights over the primary
noise measurement station located at 8,200 ft (2.5 km) from the brake release
marker and on the extended runway centerline., These noise data and their
associated aircraft operating parameters are shown in Table 4. For purposes of
direct comparison, the maximum noise levels are also shown as corrected to a
reference distance of 1,000 ft, using inverse square law to account for the
difference in spreading loss and |.| dB/1,000 ft to account for the difference in air
absorption loss (Reference | 1) between the test and reference distances. Finally,
an average of these corrected or reference levels for each flight mode is listed.
Table 4(d) summarizes the test data in the format of average values for all fiights
for which height, speed, and noise level data were available. These test cases,
shown for the Models 402C, T210N, and 172P in Tables 4(a), (b), and (c), respec-

tively, indicate a very significant result in terms of the relationship tetween

LAMox and propeller tip speed in both takeoff and level flyover modes. Most
reported experimental data show a direct relationship between flyover noise level
and propeller helical tip speed. However, such data are typical for cases where
rotational tip speed VT and helical tip speed VH are directly proportional, such as
in a series of level flyovers at different rpm settings. The data shown in Table 4
are different in that

a. for the 402C, takeoff VT is higher than that at level flyover, but VH is

lower,

b. for the T2I0N, both VT and VH are higher at takeoff than at level
flyover, and

c. for the 172P, both VT aond VH are lower at takeoff than at level flight
conditions.

The variation in flight conditions allows a unique examination of noise level
dependency on VT and VH separately in order to assess the viability of a takeoff
test for noise certification.

First, examination of the model 402C data (Table 4(a)) suggests that the
reference noise levels are not directly related to VH' That is, the takeoff i
reference noise levels are higher than those for level flight, despite a reduction J
inV, .
H




Summary of Flyover Noise Test Data
(Noise Data Measured at 8,400 ft (2.5 km) from Brake Release

Table 4

Table 4(a): Cessna Aircraft Model 402C
Flight Conditions Propeller Speeds (fps) | Noise Level, LAMox’ dB(A)
Flight Height| Tip Horiz.* Hel. Corr.to Ave. @
No. Mode rpm  KIAS (ft) VT V>< VH Meas. 1,000 ft 1,000 ft
i Level 2,600 188 -1867.9 327.9 927.8 81.5 -
2 " " 188 905 " " " 8l1.5 80.5
3 " " 188 1,049 " " " 79.0 79.0
4 " Y7 956 | "  326.1 927.1| 79.0 78.6
5 " " 188 - " 327.9 927.8 80.5 - 79.8
6 " " 185 1,000 " 322.6 925.9 81.0 81.0
7 " " 184 {1,000 " 320.9 925.3 80.0 80.0 +0.9
8 " " 186 {,012 " 324.4 926.5 79.5 79.6
9 " " 185 - " 322.6 925.9 81.5 -
i0 T/0 2700 110 -1901.2 191.8 92i.4 83.0 -
i1 " " 100 - " 176.4 917.9 84.0 -
12 " " 110 760 " 191.8 921.4 84.5 81.9
13 : " 10 875 | " " " 82.0 80.7 82.0
4 " " 110 935 " " " 83.5 82.8 +1.0
15 " " 110 790 " " " 85.0 82.7

'Vx, True Forward Velocity (fps) = 1.744 (Indicated Airspeed, KIAS) at test site.




Table 4(b): Cessna Aircraft Model T2I10N
2
Flight Conditions Propeller Speeds (fps) | Noise Level, LAMox’ dB(A)
Fligh Height | Tip Horiz. Hel. Corr.to Ave. @ 1
No. Mode rpm KIAS (ft) VT VX vy Meas. 1,000 f+ 1,000 ft :
16 T/0 2700 100 824 |942.5 174.4 958.5 88.0 86.!
| 7 [1] ] n 540 " ] " 87 . 5 8| . 6 82 ] 5
8 " oo 618 | " " 86.5 81.9
{9 " " " 591 " " " 85.5 80.5 12-5 ;
20 Level 2600 156 1,041 [907.6 272.1 947.5 79.0 79.4
21 " " 167 1,014 " 291.2 953.2 gl.5 Bl.6 79.5 ]
2 " "o166 1,029 | " 289.5 952.7| 78.5 78.8 i
23 " "oo166 1,014 | " 289.5 952.7] 78.0 78.I +1.3
24 S/C* 2700 100 922 (942.5 174.4 958.5 83.5 82.7 83.3
25 " " " 1,092 " " " 83.0 83.9 +0.8 1
*Simulated Climbout
i Table 4(c): Cessna Aircraft Model 172P
Flight Conditions Propeller Speeds (fps) | Noise Level, LA ax? dB(A)
Fligh Height { Tip Horiz. Hel. Corr.to Ave. @
No. | Mode rpm KIAS (ft) Vi Vg Vi | Meas. 1,000 ft 1,000 ft
26 T/0 2420 75 539 |791.9 130.8 802.6 75.5 69.6
27 " 2430 " 610 [795.2 " 805.9 74.5 69.8 69.6
28 " 2420 552 (791.9 " 802.6 75.0 69.3
29 | » %20 ¢ 628 | " " n 7%.0 69.5  *0:2
30 Level 2710 120 1,045 1886.8 209.3 911.2 75.0 75.4
31 " 2720 123 1,029 1890.1 214.5 915.6 75.0 75.3 75. 1
32 " 2650 114 1,029 |867.2 198.8 889.7 74.5 74.8
33 w2705 121 1,000 |885.2 211.0 910.0| 75.0 75.0 203
34 S/C 2410 75 1,000 {788.7 130.8 799.5 68.0 68.0 68.9
35 " " " 1,077 " " " 69.0 69.7 +1.2
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Table 4(d): Summary

Flight Height v \) \' LA, ¥ No. of
Aircraft Mode (ft) I T /;(ec H déﬂ(z’)‘ Tests
402C Level 987 868 325 927 79.8 +0.9 6
T/O0 840 90| 192 92| 82.0 +1.0 4
T210 Level 1,024 908 286 952 79.5 +1.5 4
T/0 643 92 174 958 82.5 +2.5 4
S/C {1,007 942 {74 958 83.3 +0.8 2
172pP Level 1,026 882 208 906 75.1 +0.3 4
T/0 582 793 131 804 69.6 +0.2 4
S/C 1,038 789 134 800 68.9 +1.2 2

*
Average corrected sound level at 1,000 ft +1 standard deviation
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Second, Figure 4, where the average corrected levels from Table 4(d) are
plotted versus tip velocity, suggests that the reference noise levels are consistently
related to rotational tip speed VT’ irrespective of flight mode (takeoff, level flight
or simulgted climb). For example, for both the 402C and T210 data, the helical tip
speeds were nearly identical for the takeoff and level flyover conditions whereas
the corresponding noise levels differ significantly, and seem more closely related
to differences in rotational tip speed. A predictive trend of this relationship is
derived from Eq.(9) in Reference |1 for correction procedures applicable to
propeller noise datq, using VT instead of VH; that is,

LAqu x K IogIOVT

where
= 365 |°g|0 (D/bO.S) - 268
= propeller diameter, and
by 8 = propeller blade width at 0.8 radius (in compatible units).

A blade width of 5 inches has been taken as a typical dimension for b0 8

Further studies of this relationship between noise level and propeller tip

speeds would provide more substantial validation of the above findings.

However, the above findings would indicate that takeoff noise levels will be
higher than those measured at the current FAR Part 36 conditions if higher
propeller rpm is used for takeoff. This latter condition does, in fact, occur for a
large portion of the propeller-driven aircraft fleet which depart from the runway
at their maximum engine rated (5 minute limited) power setting and rpm. The
exceptions are those aircraft with fixed pitch propeliers, such as the Cessna | 72P,
which typically commence their takeoff run at maximum rpm, and climb at full
power and at a Vy climb speed. For the Cessna |72P, this climb condition is at
2420 rpm at a pressure altitude of 2,000 ft. The rpm is then increased, for such
aircraft, after leveling off to a cruise condition ot maximum normal operating

power.

The subject of takeoff noise levels is further examined by application of
simulated takeoff conditions to each of a wide range of aircraft, as foltows.
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2.2.2 Simulated Takeoff Conditions Applied to a Range of Aircraft Types

A data base of information on noise-certificated aircraft models has been
compiled by FAA in Form 8110-23 (11-76) as illustrated in Table 5.° All of the
numerical data contained in these tables have been used in this study to provide a
fleetwide sample of cases for takeoff simulation evaluations. In addition, for each
piston-engined aircraft with a variable pitch propelier, reference has been made to

published engine data to determine the maximum rated takeoff power and rpm.

This resulting information has been compiled as an Aircraft Data file for
computer analysis. Figures 5 and 6 show the corrected and measured level flvover
noise levels for this fleet of aircraft in relation to their maximum certificated
gross takeoff weights. Aircraft which have fixed pitch propellers or which were
tested under "MNOP" conditions of reduced power are separately identified.

For takeoff simulations, the flight profile has been assumed to consist of a
ground run and 50 ft obstacle clearance distance corresponding to D50, followed by
a maximum rate of climb departure at Vy flight speed. This climb rate is assumed
to remain constant during takeoff. This procedure is identical to that used in
calculating the performance correction to measured noise levels in FAR Part 36

Appendix F.

Figures 7 and 8 show predicted takeoff noise levels (LAMox) of the sample
fleet at four different distances from brake release.

Figure 7 shows the predicted flyover noise levels that would occur if each
aircraft generated a 1,000 ft (reference) noise level equal to that measured during
the FAR Part 36 level flight test.

Figure 8 shows the predicted noise levels that would occur if each aircraft

has a takeoff reference noise level equal to:
LAMax (Takeoff at 1,000 ft)
= LA Max (FAR 36 measured) + A , dB

where




Table 5

Sample FAA Form 8110-23 (11-76)

WOISY DATA PO PROPOLLIR DRIV SmAll AIRPLANTS
(IXLEP? FOR AGRICULTIRAL ANT FIRI FICHTIMG AIRPLANLS)

nzciox _ Central aIs: 3 011018
. ATROWYY nummacurm _Cessna COTITICATION DATES: aYPLICATION _9/6/78  assom» 9/25/78
noon. DEsIGMATION __402C POVILAY MAX/STR DISICMTION _Businessliner & Utiliner
I caces ey 6850 lbs.
mortuD monTacr _McCauley moon. pIsickation JAFI2C93/82NC-5. S

PROPOLIN DAIA®

maem_76.5 MAGLR OF BlADES _3

G OF PAPDLIRS 2

DICDIT DATA:

POVIM PIANT WAMTACTRER _TCM woon. DrsiGuTIos _TS10-520 VB
M3 corpuovs Pouxs 325 EP AZDEM BORMAL OPIRATING PONTR (DORINC TYsY) J10 EP

oy arn 2600 L7 2195 ft, we 1450 £ v 107.5 KTs
Dou arw 2600 amsrz 190 KIS  marmx _ 7/24/78

AOIENT TDE. 12_‘31 ROATIVE MAQDITY 771 (%0 CORRICTION

SWLATHIX VINDOV: ™

EXBAUSY CONTICTRATION: OUIVENTIONAL WMTALED DOsST

() starrms

() ULl COLLECTOR, EBORT IXRAUSY PIPI
() AUTLIS I COLLECTOR AND/OR COWZS IK

TOWUST I

TURBIRL OF TURBOCNARCID ( ) MAXITOLD MUITILDR

TOP IXNADST { ) RISOMATOR MNTTLEX

OTRIR (IXPLAIN) { ) ABSOR"IION WUITTLIR
() OTEIR (LXPLAIN)

wOIST JTVEL I3 e __ 77.2 OTASTRUD) PEAJORMANCT COMMICTION: 2, 3dB
FIXAL CIRTIFICATION BOISE LEVEL T ama _ 75.1 SOURCT oF DaTa _TFlyover Tests

wotZs: (1) TIST

(1) CORALCTIORS MADE VIR SOUD ADSORPTION

ADCAL RIPRODUCTION ADTRORLIED

P-402C-31

COMDOCTED MITRIX “wViATD~ viamov __X APPLICADLL YROVISIOM OF TaR 36 Amenduwents
1 through 9
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Figure 5. FAR Part 36 Appendix F Noise Levels for FAA Data Base Aircraft
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T,

VTY = Blade tip speed at maximum takeoff rated rpm,
VTT = Blade tip speed at FAR Poart 36 test rpm, from FAA
Form 8110-23, and

In each of these figures, the 1980 noise limit of FAR Part 36 Appendix F is
shown for reference purposes only. This noise limit is appropriate only for the
Figure 7 data at a distance of 11,430 ft from brake release, which corresponds to
the performance-corrected noise levels of FAR Part 36 tests. Some of the
Figure 7 noise levels differ from the corrected certification noise levels in
Figure 5; these are due to the use of published D50 values for the aircraft in
Figure 7, instead of the default D50 values (2,000 ft for single-engined aircraft and
2,700 ft for twin-engined aircraft) used for the noise certification of these

aircraft.

The most significant feature of Figures 7 and 8 is the predicted increase in
flyover noise levels caused by accounting for higher propeller speeds at takeoff.
The Figure 8 data, which include this takeoff rpm effect, indicate that noise levels
in excess of 85 dB(A) may be expected at a distance of up to 2.5 km (8,200 ft) from
the brake release point on the takeoff runway. Further examination of this can be
made by reference to measured noise data obtained at a noise monitoring station at
Torrance Municipal Airport, California, during controlled takeoff tests of a range
of aircraft models. These are discussed in Section 2.2.3. The FAA has also
independently computed higher takeoff noise levels in its Advisory Circular 36-3b.

2.2.3 Takeoff Noise L evels Monitored at Torrance Airport

The Torrance Airport noise monitoring program continuously evaluates the
maximum A-weighted sound levels of departing aircraft events at two monitoring
sites located in residential areas at 8,400 ft from brake release and 400 ft sideline
from Runway 29R/IIL. These data are reported annually in the form of the range
12 While most of the reported
data are for general aviation departures which do not conform to any predeter-

of measured noise levels for each type of aircraft,

mined noise abatement procedure, a specific separate data base has been estab-
lished by means of "controlied" tests. These controlled tests have been performed
for over 47 aircraft types. In each case, the aircraft was operated at or near
constant gross weight and within a time span (20 minutes) which ensured relatively
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constant atmospheric conditions. The data base for controlled tests shows two
measured noise levels for each aircraft, the higher noise level being measured with
the aircraft operated using the pilot's normal takeoff procedure, and the lower
noise level being measured when the same aircraft was operated using the pilot's

best noise abatement technique.

Figure 9 shows a comparison of these measured controlled-test data from the
Torrance monitoring system with takeoff noise levels predicted by the takeoff
simulation model for the monitoring station location (i.e., 8,400 ft from brake
release and 400 ft sideline distance). The measured data are designated in Figure 9
by vertical bars; the top of the bar corresponds to the level measured with the

pilot's normal takeoff procedure and the lower noise level corresponds to that
measured for the noise abatement takeoff. The Figure 9 test data include only
those aircraft which are identified in the Torrance Airport report as having been
tested in accordance with FAR Part 36 Appendix F.IZ The predicted noise levels
are based on applying the propeller tip speed corrections as discussed for the

Figure 8 data to the certification levels to simulate takeoff rpm conditions.

It is evident in this comparison that the highest of the predicted noise levels
are typical of many of the controlled-test results obtained by normal takeoff
techniques. The maximum measured and the predicted noise levels shown in
Figure 8 are therefore probably representative of the actual levels experienced in
areas close to general aviation airfields, for example in the range of 2 km to 3 km
from the brake release point. At greater distances, such as at the 3.5 km location,
it is unlikely that departing aircraft would still be operating at maximum rated
takeoff power. In many cases, a height of 1,000 ft above ground level would have
been reached at between 2.5km and 3 km from brake release, and power would
have been reduced to that recommended for en route climb which is at a lower
manifold pressure and lower rpm than for takeoff condition. The noise levels
shown in Figure 7 for the 3.5km (11,430 ft) distance from brake release are

therefore likely to be more representative of actual noise levels at this distance.

The foregoing cnalysis of noise levels under the takeoff flight path of
propeller-driven small airplanes indicates the following:

a. In many cases these noise levels will have been reduced by virtue of
noise controls implemented to meet the FAR Part 36 regulation,
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b. Some aircraft, such as those certificated by noise tests at a power
setting well below takeoff and maximum continuous power (e.g., at
MNOP), will cause noise levels well in excess of the rest of the aircraft

fleet, and

c. Takeoff noise levels in areas between 2 km and 3 km from brake release
are likely to be in excess of 85 dB(A) and, in some cases, as high as
90 dB(A), from aircraft currently complying with FAR Part 36 noise

limits.

2.3 The Need for Noise Control at Source

2.3.1 Noise Impact Near General Aviation Airports

The primary purpose of the noise abatement reguiatory program of the FAA
is to provide such control and abatement of aircraft noise as is necessary to

protect the public health and welfare.

The preceding section has provided one perspective for the relationship
between noise certification limits and the actual noise levels experienced during
takeoff of small propeller aircraft. A different perspective of the overall
magnitude of noise impact by such aircraft is provided by estimates of the number
of people exposed near general aviation airports to significant noise levels from
these aircraft. Such estimates are presented in Appendix D in support of this
discussion on the need for noise control at the source. This very brief analysis,

based on previous studies identified in the appendix, indicated the following trends:

i.  The number of people exposed to noise from air carrier operations
reached a maximum in about (970 and has decreased subsequently as
the very significant reduction in source noise for new wide body
aircraft, and a corresponding flattening in the growth of operations,

became effective,

2. In contrast, the number of people exposed to noise from general
aviation aircraft is expected to continue to increase. While this trend
does not necessarily reflect the current introduction of quieter
propellers or quieter business jets, there is no expectation that a major
reduction in source noise, comparable to that achieved by transition of
the air carrier fleet from pure jet engines to low and then high bypass
ratio turbofan engines, can be expected in the foreseeable future for
the general aviation fleet.
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3. The total national noise impact of general aviation aircraft, as
measured by the number of people exposed to noise from their
operations, is much less in magnitude than for air carrier aircraft.

Nevertheless, it is expected to continue growing at the rate of the
order of 7 to 8 percent per year for each of the next 10 years. This is j
comparable to the anticipated growth rate in total number of opera- 1
tions of general aviation aircraft. The influence of introducing quieter
business jets and quieter propeller aircraft will be partly offset by the
growth in number of operations of general aviation aircraft. (There is

el adiatha 3

no basis for a lower growth in operations such as achieved by use of
wide-body aircraft in the air carrier fleet.) Further, the population
impacted within general aviation airport noise contours will tend to
increase more rapidly than the area within such contours. This is due to

REROR T i

the tendency for population density to increase with distance from the

airport boundary, in the immediate airport vicinity.

A closer perspective for purposes of this report is provided by a rough
estimate of that portion of the total number of people exposed to general aviation
aircraft noise which is attributable to operations of only small propeller aircraft.
Based on the same data and procedures, it was estimated that:

o About 50 percent of the total noise impacted area (and corresponding
population) exposed to noise from general aviation aircraft is due to
operations by small propeller aircraft. (The total area within the L dn
60 contour for all general aviation airports is estimated to be about 800
square miles in 1980 and the corresponding population exposed is
estimated to be at least 130,000 people.*)

o At least 75 percent of all general aviation airports (currently over
14,000 in number) are served exclusively by such aircraft.

o Of the remaining general aviation airports, small propeller aircraft
generate about 94 percent of the operations (i.e., single noise events)
and up to 40 percent of the contour area.

A more conservative estimate of the relationship between population and contour
area around general aviation airports would indicate a total population, within the
L. 60 contour, in 1980, of roughly twice this value which is in approximate
aSPeement with preliminary results of a current, more detailed study of general
aviation noise impact undertaken by EPA.
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In summary, while the total magnitude of the population exposed to small
propeller aircraft noise is much less than for qir carrier aircraft, the noise impact
from such aircraoft is still significont due to its continuing growth rate, its
extensiveness over a very large number of communities, and the expected higher
noise sensitivity of people in relatively quiet communities adjacent to small
general aviation airports.

As illustrated conceptually in Figure 10, of the three strategies available for
reduction of noise impact around airports (i.e., source noise control, flight
procedures and land use policies), noise source control, through application of
technology, is central. To be effective, however, such source control must be
supported or implemented through some sort of regulatory process — aircraft noise
certification.

Flight

Procedures

Aircraft Noise

Noi Source
e Control By
Certification Technology

Land
Use

Policies

Figure 10. Conceptual Illustration of the Three Basic Strategies Available for the
Reduction of Airport Noise impact




2.3.2 Noise Control by Regulation

There are obvious practical limitations on the extent to which the regulatory
process can enforce noise abatement in the relatively unconstrained real world of
public usage of noisy equipment. It is, for example, true of aircraft and many
other types of equipment that reductions (and increases) of emitted noise can be
achieved by changes to the system design and by changes to the operating
conditions of the system (such as by change of speed of operation or mechanical
power loading). These potential operational methods of noise abatement cannot be
directly controlled by the regulatory process. In some cases, however, regulations
to enforce compliance with safety requirements which can also provide noise
abatement benefits are obviously practical and economically feasible.

In the case of the propeller-driven small aircraft fleet, considerable flexi-
bility is cvailable to the operators of these aircraft in their method of flight
operation near and around airfields and in their en route trave! between airfields.
Much of this availability of operational margin is essential for safety reasons, and
cannot be restricted in retrospect; that is, subsequent to aircraft design and
certification. It was shown in Section 2.2 that the maximum noise emission mode
of small propeller aircraft is usually at maximum takeoff power (except, possibly,
for fixed pitch propeller aircraft).

As suggested by the following sketch, the selection of climb rate after
departure from a runway is within the broad discretion of the pilot, ranging from
maximum speed, minimum safe angle of climb, to maximum angle of climb and a
; minimurn safe power reduction at a safe altitude.

Maximum Climb
Angle Reduced
Power for
Cruise
Maximum Speed,

Minimum Safe
Climb Angle

Brake
Relecs e Rotcl:ﬁon

Simplified liustration of Range of Takeoff Profiles Awvailable for Propeller-Driven
Small Aircraft.
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These alternative takeoff procedures, when carried out over a populated
area, produce essentially the same amount of noise output from the aircraft
(because they are carried out at the same propeller rpm and same horsepower), but
will produce greatly different levels of noise at ground level because of the large
differences in aircraft height during overflight. lllustrative examples of these
variances in noise level have been shown in the Figure 9 presentation of controlled
tests at Torrance Airport. Variations in excess of 20 dB in monitored noise levels
are reported in the Torrance report for general usage cases of aircraft departures
on a straight-out flight po'rh.I2 Any case for noise controls to be implemented at
the source would seem to be compromised by such large noise level variations
caused by user modes of aircraft operation. However, the real case for source
noise control is that it should limit the maximum noise emission of the aircraft,
irrespective of the user's method of operation. This would require that aircraft be
tested in their noisiest mode of operation and comply with noise limits appropriate
to that mode. This makes a strong case for requiring a takeoff noise test for most

propeller aircraft as discussed in more detail in Section 4.




3.0 ASSESSMENT OF NOISE CONTROL TECHNOLOGY

i Overview of the State-of-the-Art in Noise Control

3.l Genzral

This overview is directed toward identifying the state-of-the-art in source
noise controls applicable to propeller-driven small aircraft which are required to
comply with the FAR Part 36 Appendix F noise limits. Figure 1l provides an
overview of the growth in number of such aircraft in the general aviation fleet.
Figures 12 and 13 illustrate how the current fleet is distributed according to

maximum takeoff weight and horsepower, respecﬁvely.|3

From Section 2.2, it is clear that for most propeller-driven aircraft, the
dominant source of noise is the propeller, and the maximum A-weighted noise level
during takeoff is controlled primarily by the blade rotational tip Mach number.
Various attempts have been made to rationalize the relationships between A-
weighted noise level, propeller blade tip speed, and blade geometric factors, either
for purposes of correcting noise levels obtained at off-reference flight test condi-

Wy 18 15 ot 1o establish basic design guidelines for the aircraft

tions,
indusiry.'é’ 17, 18 Further reference to these relationships is made in Section 3.2
of this report. In this overview, the emphasis is placed on reviewing the concepts
of design technology which provide reductions of propeller blade tip speed and
thereby provide substantial reduction in noise level. The basic technical problem in
achieving noise reductions is that of optimizing the propeller design to achieve the
required cerodynamic performance at the lowest practical tip speed, and with
minimum associated penalties in weight and cost. The difficulty in achieving this
optimum design is to some degree compounded by a lack of knowledge on which
blade design details are the most significant in controlling the mid-frequency
content (which dominates the A-weighted level) of propelier noise. These details,
such as blade and blade-tip thickness, tip planform, airfoil section, activity factor,
etc., influence the performance, weight, and structural integrity of the propelier to
an extent that the number of variables in the optimization process can become
uvmanageable. This is especially the case when the real noise benefits and
pendities of each detail are not yet quantifiable with confidence.

The traditional approach fto this optimization has therefore been by
reference fo available and proven propeller/engine configurations, based on the

selection of
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to give the lowest practicable tip speed which still provides the required aircraft
performance. More recently, this design procedure has included the selection of
blade tip pianform, usually elliptical, as a potential noise reduction detail. This has
a small but predictable effect on aerodynamic performance, but its real effect on
an aircraft's flyover noise level is seldom known until it has been tested on the
aircraft, According to industry sources, the consensus of test results shows that
the elliptical tip shape is very seldom detrimental to noise levels and is sometimes

beneficial.

Whiie the above procedure may not provide the ultimate possible benefit in

noise reduction, it is regarded as being close to the practical state-of-the-art.

Other options, involving changes to blade detail which differ radically from
the proven hardware, are regarded currently as advanced propellers. These will
require extensive testing to firmly establish their noise reduction potential,
aerodynamic performance, structural integrity and endurance in operational
conditions. The advanced biade studies, based on refined theoretical modes of

propeller noise sources, predict considerable benefits from the use of:

Blade and tip thickness reductions
More efficient airfoil sections
Blade sweep

Blade planform and loading changes
Proplets to simulate duct elements.

© © 0O O O o

New engine developments

Each of the design concepts mentioned above is further discussed with
regard to its application to three classes of light propeller-driven aircraft.

3.1.2  Single Piston-Engined Aircraft

Table 6 contains a listing of several example aircraft of the small single
engine class. The information in this table is presented as a means of charac-
terizing the physical features of the power plants, propeller and gear ratio for
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current examples of this class of airplane. A number of different manufacturers
produce airplanes in the {50 to 300 hp range and some have several different
models. No attempt is made in the preparation of Table 6 to include all current

operational airplanes in that class.

These airplanes have horizontaily opposed four- or six-cylinder engines
which operate in the range of 2400 to 2800 rpm. The propellers are generally fixed
pitch (FP) for the smaller models and variable pitch or constant speed (CS) for the
larger models. Propeller sizes typically vary from 6.17 ft to 6.83 ft in diameter,
have either two or three blades, and are direct drive. A notable exception is the
high performance Bellanca Skyrocket, which has a higher flight speed, a more
powerful engine, a larger propeller, and employs a geared drive with a 0.667 gear

ratio.

Many airplanes of the class illustrated in Table 6 have been modified to
reduce propeller tip speed for noise reduction either by changes to the propeller
geometry or to the engine operating conditions. The various approaches used to

reduce tip speed or in conjunction with a tip speed reduction are described below.

Reduced Diameter — A reduction in propeller diameter by clipping the

propeiler blades or by using a smaller diameter propeller is a convenient way to
reduce tip speed while maintaining the same engine rpm and power characteristics
in order to absorb the full power available from the engine. The activity factor of
the propeller is increased either by the widening of the blades or by the addition of
more blades.

Increased Number of Blades — The oddition of more blades to the
propeller is almost always useful in reducing the blade passage harmonic noise
because of the beneficial destructive interference that occurs within the propeller

disc. For example, a doubling of the number of blades results in a halving of the
number of biade passage frequencies, and those that remain have about the same
levels. Such a result is more effective at the lower tip speeds for which the lower
order harmonics dominate the spectra. Hence, an increase in the number of blades
is of greatest value when accompanied by a reduction in tip speed.

There is a practical limit to the number of blades which can be retrofitted
to a small girplane because of the increased weight and complexity. The weight
increase can cause fore and aft balance problems and a reduction in payload.




Multiblade (three, four, five, and eight blades) propellers with variable pitch
mechanisms have been successfully operated on larger aircraft and thus the

engineering designs are current state-of-the-art.

Reduced Engine rpm — A reduction in engine rpm with the associated

decrease in propeller rpm is a very convenient approach to obtaining a propeller tip
speed reduction for noise control purposes. The associated reduction of engine
power available can, in some cases, be compensated for by an increase in the
manifold pressure of the engine, if proper provisions have been made in the engine
component designs. A more popular approach is to use a larger engine than
normally required ond operate it in a derated condition. A side benefit of this
approach is that the reserve power is readily available for emergency use.
Disadvantages are increased initial cost and weight.

Preferred Blode Geometry — Such blade geometry parameters as tip

planform, surface roughness, airfoil section, and activity factor appear to have
only second order effects on the noise of current propellers. Tip planform is judged
not to be significant except as it influences the spanwise aerodynamic loading on
the blade and the tip thickness. Less noise would probably result from a blade
which carries a lower tip loading.

Surface roughness, which tends to increase with service life, is believed to
have a small detrimental effect on both noise and performance. The implication is
that the use of a wear-resistant material on blade surfaces, or the replacement of
old blades, would give some positive resuits.

Improved airfoil sections, particularly those involving more camber than
airfoils in common use, show promise of performance improvement.|9 Of
particular significance is the possibility of improving the aerodynamic efficiencies
of the thicker inboard sections which operate at the lower Reynolds numbers.
Thinner tip sections are effective in reducing the thickness noise component
particularly at tip speeds in the supercritical range.

Increasing the activity factor of a propeller is sometimes necessary when
tip speed is reduced. Either an increased number of narrower blades or the same
number of wider blades will usually result. Wider blades are likely to have thicker
tip sections and thus have increased thickness noise. This is usually of secondary
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importance at tip Mach numbers up to about 0.75, whereas at somewhat higher
Mach numbers, thickness noise can dominate. A reduction in blade chord, as in the
case of more but smaller blades, implies an increase in trailing edge and
wake-related noise components. The result is a peaking at higher frequencies of
the broadband components.

The net effects of such blade geometry changes as those described above
are to produce modest improvements in performance. An increased performance
margin is then useful in the process of trading off performance losses for noise

improvements.

Noise control in the future is expected to involve all of the items of
current technology described above, as well as some additional design improve-
ments that will become available in the decade of the 80's. The key to future noise
control is the rapidly developing ability to more exactly predict both the
performance and the generated noise so that optimized designs can be defined.
Optimization is expected to include the fuselage and engine cowl, and their effects
on the front end flow field, as well as the propeller and engine. Some concepts
that will probably be considered are included below.

Increased Inboard Loading — The concept of moving the load distribution
away from the blade tips can be shown analytically to be beneficial for noise

crantrol.20 In order for this concept to be effective, several features of the power
plant dirframe combinations need to be considered. For instance, the inboard
sections of the advanced propellers need to work harder than do those of the
present configurations. This implies the need for improved airfoil sections that

19 It also implies a

will operate effectively at these lower Reynolds numbers.
minimum of fuselage blockage effects in the region of the engine, and a need for

radial symmetry of the front end engine cowl geometry.

Inclusion of Blade Sweep — Sweep has been shown to be very useful in

noise control for high speed propfans, helicopter rotors, and axial flow compressor
blades. Similar trends are anticipated for lower speed propellers although the
amount of noise reduction will be generally small at the lower blade tip speeds.
For asymmetrical inflows, however, as occur on many of the current aircraft due
to cowl blockage effects, the benefits could be substantial even at the lower tip

speeds. Accurate analytical methods for predicting propeller noise, which are




becoming available, can be applied to the modification of current configuration-
critical designs as well as to new designs. In order to minimize the stress problem,
it is anticipated that swept blade designs will incorporate swept forward inboard
sections and swept back outboard sections as has been found beneficial for propfan

and axial flow compressor blcndes.2l

Inclusion of Proplets — Proplets are devices that resemble small end

plates and look much the same as if the blade tip was bent backward into the plane
of the propeller disc. Such devices are a fraction of a chord length in dimension
and may extend to the pressure side of the blade as well as to the suction side.
They can be shown analytically to be useful for improving the aerodynamic
performance of a propeller operating at a given diameter and rpm. These devices
permit the loading up of the outboard sections and thus do not directly produce
noise reduction. They do, however, provide a performance margin which may be
traded off against noise reduction.

The procticality of proplets has not been evaluated from the standpoint of
durability and safety. However, the availability of new high strength-to-weight
ratio structural materials such as composites is expected to enhance the potential
for their effective application.

New Materials — The availability of such composite materials for

propeller blades will also make possible lighter weight propellers and will also
encourage the application of such concepts as blade sweep, inboard loading,
increased camber and proplets in the new designs. Furthermore, these newer high
strength to weight ratio composite materials can also be incorporated in the
overall aircraft airframe, such as recently demonstrated for the Lear (Pusher)

prop-fan. The net effect of such concepts could be improved takeoff performance
resulting in lower takeoff noise levels.

Inclusion of Gear Reduction — The use of gear reduction in order to

control the speed of the propeller without sacrificing engine performance is an
attractive possibility. Its advantage is that it can provide a better match between
the engine and a low noise propeller. Current data on engine installations suggests
that gear reductions are not in use on reciprocating engines with less than a 300 hp
rating. Extending their use to lower powered systems will probably be considered
as an alternative to the use of oversized derated engines in future aircraft.
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3.1.3 Twin Piston-Engined Aircraft

The problem of flyover noise control at the source for twin piston-engined
aircraft is very similar in all respects to that for single piston-engined aircraft. In
concept, twin-engine aircraft of this class, examples of which are listed in Table 7,
have two power plants of the same types as are commonly installed in single-
engine aircraft. Their similarities can be recognized by comparing the data of
Tables 6 and 7.

Most of these aircraft have horizontally opposed four- or six-cylinder
engines in the range 160 to 310hp. The propellers are generally constant speed
(variable pitch) with a full feathering (FF) capability. They vary in size from 6.33
to 6.67 ft in diameter, have either two or three blades, and are direct drive. An
exception is the Beech Queen Air which has a 380 hp engine with 7.9 ft diameter
geared and synchrophased propellers. As in Table 6, no attempt is made to include
all manufacturers' products nor to include a complete listing of current models.

The discussions previously directed to the single piston-engine aircraft with
regard to current state-of-the-art and future trends in power plant noise control

are fully applicable also to twin-piston engine aircraft,

An additional factor which can affect the far field noise of twin-engine
aircraft is the phasing of the propellers. Synchrophasing equipment is available for
accurately controlling the relative angular blade positions of the two propellers.
This type of equipment is used primarily for reducing the beat frequency variations
in interior noise levels, which can be of the order of 5 to {0 dB in some aircraft.
By locking phase position, the lowest level can be maintained steady with time at
any particular location, the result being an elimination of these noise level

variations,

Synchrophasing has limited value for far field noise control because when
noise is minimized at one location it is maximized at another. It is, however, a
mechanism whereby the noise levels on the ground track, or on a line parallel to
the ground track, can be minimized. It therefore has serious implications in noise
certification testing. One example of anomalous behavior in ground measurements
attributable to phasing of twin propellers is considered later in Section 4.2.1. Note
that the use of synchrophasing has no implications relative to performance, except
insofar as some extra weight and complexity may be involved.
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3.1.4 Twin Turbine Engine Propeller Aircraft

Power plant features of some example twin turbine engine aircraft are
shown in Table 8. In contrast to twin-piston engine aircraft, the twin turbine

engine aircraft generally have more powerful engines, larger diameter propeliers,
geared drives, and propeller reverse pitch (RP) capabilities. They also tend to
cruise at higher air speeds. The need for reduced tip speeds for noise control, ond
the available approaches for recovering aerodynamic performance at the lower tip
speeds, are as equally valid as for piston engine powered aircraft. Turbopropellier
power plants, because of their design, inherently include several known noise
control features. For instance, geared drives, which are an integral feature of
turbine power plants, can be used to optimize the match between the engine and
the propeller. Likewise, there is usually a relatively clean nacelle configuration
with a minimum of downstream nacelle blockage. This should result in more
uniform blade loads as a function of blade position and thus less noise due to foad y
fluctuations. Finally, the engine exhaust has had most of its energy removed and 4
hence exhaust noise is not a significant component for any operating condition.

Evidence of this general trend in lower noise levels for turboprop aircroft g
is quite apparent from the data shown earlier in Figure 2, the lower portion of
which is repeated herein as Figure {4.

gos |
m . 1
h -
]
1990 CIMIT
6@ — o OGP — -——F -—1388 LINIT o)
B A TIPS T B !
4 PR g ofo x 348 A
) Xix) g gy e
§75 ’ﬁ, co¥ 0 tx) M -
’ (2 L] *
'R 6‘ X ] [ ]
70 ee
-] 0 SINGLE ENGINE PISTON
83 X TWIN ENGINE PISTON
# TWIN ENGINE TURBINE
( 9 MNOP USED
.' L A 1 A i A i a A L . | G I . PN S | WY
2 3 8 e 1112

4 ] 8 ? 9
TAKEOFF WEIGHT ~ POUNDS X 1008

Figure 14.  Illustration of the General Trend Towards Lower Noise Levels for
Turboprop Aircraft vs Piston Engine Aircraft (from Figure 2).
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The average certification noise levels in 1980 for two-engine turboprop

aircroft is about 75 dB(A) while the corresponding level for two-engine piston
propeller aircraft is about 78 dB(A) - 3 dB higher. Available data comparing sound

22, 23 indicates a comparable

exposure levels at 1,000 ft for these type of aircraft
trend. The actual difference was closer to about 5 dB, perhaps reflecting the
somewhat smaller duration correction, and hence lower sound exposure level, due

to the higher flight speed of turboprop aircraft.

Available noise and performance prediction technology is probably most
valid for the relatively clean installations of turbine power plants. These
prediction capabilities, plus the developing materials and fabrication technologies,
will enhance the future application of advanced noise control concepts. The
inclusion of blade sweep, the inclusion of synchrophasing, the use of highly
cambered sections, and provisions for moving the blade loading inboard, are
expected developments in the near future.

The continued trend toward higher cruise speeds at high altitude will be
constrained by helical tip Mach number limits for reasons of performance and
interior noise. Any helical tip Mach number constraints due to such high altitude
requirements will inherently result in noise control benefits for low altitude, low
forward speed operations.

3.2 Application of Existing Technology

Most applications of noise reduction methods to meet current FAR Part 36
Appendix F noise limits (in the 1000 ft flyover mode) have focused on a trade-off
analysis between a range of available propellers. An example of this form of
analysis, which was performed by Cessna Aircraft Company for purposes of the
present study, is shown in Appendix C. In each case, the propeller was limited to a
Clark Y or RAF 6 airfoil section and parametric changes involved selection of
diameter, activity factor, and blode number for each of three (engine-compatible)
values of rpm. The available shaft horsepower was assumned to be absorbed by each
propeller at maximum takeoff rpm.

The resulting noise level estimate for each combination of parameters was
obtained by means of empirically derived equations based on Cessna's data base for
noise certificated aircraft.




As shown in Figure |5, a basic unique "carpet-plot" graph relating noise
level with propeller diameter and activity foctor* can be established for each
selected combination of blade number and rpm (at maximum continuous power).
Resultant operational parameters, such as takeoff distance, can be superimposed
on each graph, as shown in the example case in Figure 6. The selection of a
maximum takeoff distance of 2,400 ft, for example, together with a maximum
noise level of 80 dB(A), limits the available envelope of propellier selection to that
shown by the shaded area of the graph. Other performance parometers, such as sea
level rate of climb, range, cruise speed, and time to climb (to cruise level), were
similarly evaluated as illustrated in Figures 17 and 18.

‘! The above trade-off analyses were performed for three example propellier
' aircraft: a single-piston engine model of 3,800 Ib maximum takeoff weight, a twin-
piston engine model of 6,350 Ib maximum takeoff weight, and a twin turbine
powered aircraft of 9,850 Ib maximum takeoff weight.

Tables 9 through || show comparisons of operational charocteristics for
each of these respective models based on achieving noise certification levels below
their current noise limit of 80 dB(A) at 1,000 ft flyover. The baseline (current
design) case parameters are shown for reference purposes.

Examination of Table 9 for the single-engined aircraft shows that a 3dB
noise reduction is attainable by reduction of propeller diameter, increase of blade
activity factor, and reduction in rpm. The primary resulting penalty is shown to be
in the attainable rate of climb, due to reduction in the thrust margin available for
climb at Vy. This performance penalty, combined with the increase of Vy for best

rate of climb, would result in takeoff climb angles being reduced by more than
40 percent (reiative to the baseline case). Noise levels under the takeoff flight
path would therefore be expected to increase above the baseline levels for takeof f
by more than 4 dB due to this reduction in angle of climb alone (that is, if the
takeoff noise level at 1,000 ft was identical to that at FAR Part 36 Appendix F
conditions). However, the takeoff noise would then be at least 5 dB higher than for
level flyover due to the higher propeller speed (2,700 rpm) during takeoff. Thus,
while the tradeoff for 1,000 ft level flyover noise reduction seems practical, there
would be a significant offsetting penalty in takeoff noise levels under the departure
flight path.

l.o
. - - [ . -
Activity foctor (AF) = |QI,_€_000 hu! B . x3 . dx, where b is blade section width,

D is diameter, and x is the section radius as a proportion of tip radius. AF is a
measure of blade solidity and of the blade's capacity to absorb power.
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Table 9

Noise Reduction Tradeoff Analysis for Single Piston-Engined Aircraft (from Cessna Aircraft Co.)

Maximum Takeoff Weight = 3,800 Ib
Maximum Installed BHP = 300 shp
Takeoff RPM = 2700
Objectives (Input to Sizing Program for Reference Purposes):
Takeoff Field Length = 1900 ft
Rate of Climb at Sea Level = 930 ft/min
Rate of Climb at 24,000 ft = 270 ft/min (minimum)
Range = 780 n.mi.
Noise Level at 1,000 ft Flyover, dB(A) i
Parameter 80 77 75 ‘
Design (Propeller) B* | 2 3 4 5 ‘v
ption
Diameter (in.) 80 75 75 75 75 15
Activity Factor 106 130 130 100 130 130 -
RPM at MCP 2600 2500 2400 2400 2500 2400
Blode Number 3 3 3 4 2 2
Operational
]
DSO (ft) 2440 2303 2301 2371 2531 2530 k
R/C {ft/min) 850 614 513 489 653 548
Vylvs 0.960 {.231 1.212 1.213 1.327 1.375 ﬁ
24,000 ft R/C (ft/min){ 420 371 363 363 240 210
Range (n.mi.) 817 848 778 788 771 661
| Cruise Speed (ktas) 211 194 187 190 182 175

*B is Baseline (Current Design) Case.




Table 10

Noise Reduction Tradeoff Analysis for Twin Piston-Engined Aircraft
(from Cessna Aircraft Co.)

Maximum Takeoff Weight = 6,350 Ib

]
Maximum Installed Bhp = 310x 2 ]
Takeoff rpm = 2,700
Objectives (Input to Sizing Program for Reference Purposes):
Takeoff Field Length = 2,595 ft
R/C at Sea Level = 1,580 fpm )
R/C at 24,000 ft = 650 fpm 1
Range = 800 n.mi. j
Noise Level at 1,000 ft Flyover, dB(A) :
Parameter 80 77 75 ‘
Design (Propeller) B* | 2 3 4 5 6
Option
Diameter (in.) 76.5 70 75 75 70 70 70
Activity Factor ‘ 88.7 100 100 85 115 100 100
RPM at MCP 2700 2700 2500 2500 2600 2600 2500
Blade Number 3 3 3 4 3 4 4
Operational 1
DSO (ft) 2510 2464 2630 2685 2508 2502 2597 '
R/C (ft/min) 1440 1552 1356 1365 1458 1436 1364 !
V),/Vs @ 25,000 ft .200 | 1.363 1.234  1.179 | 1.332 1.255 1.298 ]
R/C @ 25,000 ft 840 711 766 861 714 801 72|
R/C @ 5,000 ft (eng. out) 270 299 227 216 268 269 234
MCP Range (n.mi.) 541 512 543 552 520 538 533
Avg. Cruise Speed (ktas) 213 205 214 216 208 212 212

*B is Baseline (Current Design) Case.




Table i1

- Noise Reduction Tradeoff Analysis for Twin Turbopropeller Aircraft
(from Cessna Aircraft Co.)
Maximum Takeoff Weight = 9,850 Ib
Maximum Installed Bhp = 625hp x 2
Takeoff RPM = - 1900
Objectives (Input to Sizing Program for Reference Purposes):

Takeoff Field Length = 2,142 ft
R/C at Sea Level = 2,425 ft/min
R/C ot 24,000 ft = 500 ft/min
Range = 700 n.mi.
Noise Level at 1,000 ft Flyover, dB(A)

Parameter 77 | 73
Design (Propelier) B* | 2 3 4 5 6 7
Gpﬁon
Diameter (in.) 990 85 90 90 85 95 90 85
Activity Factor 130 130 130 {30 {10 100 100 130
RPM at MCP 2000 1900 1800 1900 1900 1800 1800 | 1800
Blade Number 3 3 3 4 4 4 4 4
Operational
050 (ft) 2453 2628 2402 1951 2488 2028 239 | 2383
R/C (ft/min) 2271 2137 1959 2362 2286 2570 2376 | 2239
V)'/Vs @ 25,000 ft 1.292 1 1.288 1.28! 1.283 1.295 1.296 1.296| 1.344
R/C @ 25,000 ft 867 563 699 954 708 961 780 661
R/C @ 5,000 ft (eng. out} 691 464 560 726 550 728 601 521
MCP Range (n.mi.) 558 520 539 563 541 567 551 536
Avg. Cruise Speed (ktas) | 279 263 271 280 272 283 277 270

*8 is Baseline (Current Design) Case.
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Similar observations can be made regarding the tradeoff to achieve a
75 dB(A) "certification” noise level. However, in addition, none of the available
options satisfying this 75 dB(A) noise goal is capable of meeting, or approaching,
the set performance objectives for rate of climb and cruise speed. A 5dB
reduction in certification noise limit is therefore regorded as not being practical

for this type of aircraft using current technology.

Table 10 shows a similar tradeoff analysis for a twin piston-engine aircraft
of 6,350 Ib maximum takeoff weight. In this case, the performance pendlties are
not as severe as for the single-engined aircraft, and one can still comply with FAR
Part 23 requirements for minimum angle climb with one engine inoperative. The
analysis shows that application of current technology propellers would alfow
reductions in "certificated" noise levels for this aircraft to meet both the 3dB and
5 dB decrements in noise limits.

Table || shows the resulting analysis for a twin turboprop aircruft of
9,850 Ib weight. In this case, the example aircraft has a baseline design noise level
of 77 dB(A), which is already 3 dB below the FAR Part 36 requirement. (Recall the
statement earlier that turboprop agircraft are generally quieter, on the average, by
about 3dB than comparable piston-powered aircraft.) The analysis is therefore
focused on meeting a noise limit of 75 dB(A). The lowest noise limit attainable in
the analysis was 73 dB(A), and this additional design option is shown in Table 11 for
this maximum noise case. It is evident that the turboprop aircraft is more readily
adaptable to lower noise emissions without major performance penalties. This is
because of the more versatile power matching capability of the turbine engine with
different propellers.

Figure 19 summarizes the results of the preceding analysis cases and
shows, in addition, estimated noise levels for a takeoff operation assuming a noise
measurement location at 8,200 ft (2.5 km) from brake release. Also shown in
Figure 19 is a "market price” factor which is used by Cessna Aircraft Company to
indicate the relative depreciation of aircraft value that would result from
degradation of aircraft performance. A depreciation of | percent may be regarded
as significant, and 2 percent as unacceptable, in competitive marketing of these

example aircraft.
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(a) Single Piston Engine Aircraft (Option 3 and Option 4)

Figure 19. Summary of Application of Existing Noise Reduction Technology (Selected
options based on least change to aircraft market value for each decrement
_in noise level)
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In summary, application of existing technology to achieve further noise
reductions of small propeller aircraft does not appear to be economically viable for
most current state-of-the-art single engine small propeller aircraoft. (While
retrofit of older aircraft with new, quieter propellers is a desirable consideration,
it is unlikely that such retroactive action couid be required by a viable noise
regulation.)

On the other hand, for twin-engine propeller aircraft, especiclly turboprop
types, application of existing technology, including use of optimim propelier/
engine combinations, appears to offer the potential for noise reductions, with
acceptable or negligible performance losses, of 3 to 5dB for piston-engine, and 2
to 4dB for turboprop aircraft. Such applications could reduce the achievable
maximum level flyover noise levels to about 75dB(A) instead of the current
80 dB(A) limit for such aircraft.

33 Potential from Application of New Technology

3.3.1 Propelier Design Technology

A considerable resurgence of research studies of propeller designs has
occurred in the period 1975-1981. This resurgence follows a long period of relative
inactivity since the ending of propeller blade development work by NACA during
the 1950's. Many of the concepts and airfoil section designs developed by NACA
have been implemented in a limited manner such as by the use of Series 16 and
Series 6 airfoils in turbopropellers, but are now considered to be of much greater
vtility in reducing operating costs, fuel consumption, weight, and noise levels of a
wider range of small propeller-driven aircraft.

Evaluations of advanced technology propellers have been performed during
the last few years by means of improved analytical procedures for noise level
prediction. Pertinent background in this area is provided in References 24 to 34.
Whereas earlier noise prediction methods were, to some extent, copoble' of
evaluating the effects of gross changes in blade loading and blade thickness, these
methods were insufficiently refined to provide a detailed accounting of noise level
which could be confidently used in economic and performance trade-off analyses.
The most significant aspect of these new analytical methods is that they employ a
definition of the blade surfaces by elemental area subdivisions, and can thereby
more closely represent the actual surface distributions of pressure (loading) and
displacement (thickness). For general aviation propellers, where the helical tip

&9
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Mach number of propeliers is subsonic, the mathematical development represents
an extension of Lowson's "compact source" theory35 which had previously been
applied to helicopter rotors. The most common form of the new theory is based on
Ffowcs-Williams and Hawkings' ecpmion36 for sound radiation from surfaces,
which includes both pressure and thickness effects; that is,

p.. n. V. N,
4T pl1) = - 2 [ i d5+.%ffl>__'__'_ s ()
i e | 1-m ] r]im]
S t S t
where
p(t) is the sound pressure amplitude received at an instant, t, in the
far-field observer time, and caused by steady force and thickness
sources on the blade surface at some earlier instant of time (retarded
time)t' =t - r/co,
pij nj is the pressure acting normal to the blade element area,
v. n. is the outward (hormal) component of the blade element velocity,

/)o and SR are the air density and sonic velocity, respectively,

X, and r are the Cartesian coordinates and the direct radial distance of the
observer relative to the source blade element position at retarded
time, and

M is the component of the source Mach number in the "r" direction.

This time domain equation requires evaluation at each of a number of
successive observer time intervals, with the bracketed ferms[ ]'. being evalu-~
ated for each blade element at its retarded position corresponding to t'. It has
been shown, by Lowson for example, that the "compact' (lumped) form of this
equation for steady forces

F.
9 i
tl

where Fi’ the blade element force in Cartesian components, is exactly compatible

with Guti n's‘?'7 equati on,*

*Also with Garrick and Watkins (Reference 38) equation which includes forward
motion effects
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pn,B(f) = M {- Tcos9 «+ M-D} JrrB (mBM sin Q) 3

mB

2 -\[2' TR,

where me(f) is the rms sound pressure of the mth harmonic of the far-field sound
caused by a rotating propeller with B blades. The thrust (T) and drag D)
components of blade forces are concentrated at a blade radius Re and have @ Mach
number M at this radius. The observer location is at distance Ty from the hub
and an azimuth @ from the forward shoft axis. Similarly, the thickness term in
Eq.(1) can be likened to the closed form solutions by Deming39 and Diprose;ao that

is,

2 R
Bw T
pgth) = Lo / K.t.b.J g(BMSn®dR (&)
2-\/-2'Tl"r°
0

where t and b are the blade section thickness and chord at radius R, M is the
section Mach number, K is an empirical constant, and w = 2T f (harmonic
frequency).

Thus, while the latter Eqs.(3) and (4) and their derivative forms (to include
forward motion) were used for propeller noise prediction for many years, they did
not have the capability of aiding detailed propeller design. The new acoustical
theary allows detailed evaluation to be made of the acoustic benefits of different
airfoils, cambers, spanwise and chordwise pressure distributions, and blade thick-
ness changes at or near the blade tip. Such changes to propeller designs have
recently been evaluated by Klatte and Metzger (Hamilton Standcn'd),l‘I by Korkan,
Gregorek and Keiter“2 (Ohio State University and Cessna Aircraft), and by Succi28
(Massachusetts Institute of Technology), all of whom have developed computer
programs based on the Ffowcs-Williams and Hawkings theory. While these
applications have concentrated on examining the versatility of propeller optimi-
zation by substituting Series 16 airfoils for Clark Y and RAF -6 sections, future
work will probably be based on more advanced section designs such as refined
supercritical airfoils.

In particular, work at Ohio State University on general aviation technology
suggests that the new acoustical theory can be directly embodied in computational
procedures for airfoil selection and propeller optimization. The technique would be
similar to that used for cerodynamic evaluations, by superposition of results
obtained by analysis of separated blade characteristics, such as
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a. thickness distribution at zero angle of attack,

b. thickness distribution at an angle of attack corresponding to "actual
minus ideal," and

c. camber line at ideal angle of attack.

Partial noise constituents, in the time domain, are evaluated from (a) for
thickness noise only, from (c) for loading noise only, and from (b) which contains
partial thickness and loading noise components. It has been postulated that this
approach will allow predominant noise source causes to be identified and alleviated
as part of the design process rather than by current procedures of retrospective

analysis.

With such powerful analytical methods for acoustical analysis, combined

with major advances in airfoil design and the computer coding of airfoil character-
istics, significant reductions in propeller noise should become available in new
aircraft of the mid to late 1980's.

At present, the available acoustic theory has been applied in each of the
above mentioned studies to examine the benefits in noise reduction attainable by
selective change of design parameters. The following sunmay is indicative of
these study results:

Baseline Aircraft

Table 12 shows the aircraft baseline cases used in the studies. The
Cessna | 72N, 2I0M and 441 cases were examined by Korkan, Gregorek and
Keiter,*2 while the Beech Debonair, Duchess and DeHavilland Twin Otter were
examined by Klatte and Metzger.“ The study by Succi28 also used a Cessma 172
as a baseline case, but employed a NACA 16-506 airfoil in all of the propeller noise
analyses, including the baseline case.

A significant starting point in each of these analyses was to quantify the
relative significance of steady loading and thickness noise contributions to the A-
weighted flyover noise level of the baseline propeller. As is shown in Table 12,
blade thickness noise predominated for four of the six baseline cases. In these
cases, therefore, the thickness noise must be reduced as a priority in order to
achieve significant overall noise benefits. 1t should be noted that a reduction of tip
speed will influence both steady loading noise and thickness noise, but at different




rates of decay with the latter typically decreasing more rapidly with tip speed than
the former. Thus, a reduction in rpm or blade diameter is again found fo have a
major influence in noise reduction, irrespective of the predominant source, as one
might expect from the earlier analysis.

Reduced Blade Dianmeter

The use of reduced blade diameter as a means of reducing blade tip speed
has already been examined in Section 3.2 for existing technology propellers.
However, in these earlier cases, such reductions sometimes caused performance
losses even when accompanied by appropriate increases in blade activity factor or
blade number to absorb the available shaft horsepower.

A major advantage of the advanced technology airfoil sections (NACA 16
or better) is that the baseline cerodynamic performance can be equaled or
improved with reduced diameter propellers, without increase of activity factor or
blade number. Thus, significant noise reductions can be achieved without penalty
in performance, weight or cost, assuming conventional materials (e.g., aluminum)
are retained.

Klatte and Metzger?! demonstrate this for the light single (Beech
Debonair), light twin (Beech Duchess), and heavy twin aircraft referred to in
Table 12. In each case, the substitution of a NACA 16 series airfoil with reduced
radius blades led to the most cost-effective noise reductions, either with or
without tip shape or tip thickness changes.

Reduced Blade Thickness

A further advantage of the change of dairfoil section is that chord and
thickness/chord ratio could be reduced in a selective manner without loss of
aerodynamic performance. For the three Cessna aircraft studied, the 172N and
210M were predicted fo benefit by the order of 4dB by reduction of thickness/
chord ratio from the nominal value of 8-1/2 percent to 5 percent. These predicted
results compare well with reported experimental studies8 where noise reductions of
4 dB were obtained with similar blade thickness reductions. Further thickness
reductions provide negligible further noise reduction benefit. In the case of the
Cessna 441, only 1 dB reduction was predicted to result from changing the nominal
7 percent thickness/chord ratjo. This can be attributed to the predominance of
loading noise rather than thickness noise in the baseline case.
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in the studies of the Beech Debonair, a change to a NACA (6 airfoil with
reduced tip thickness was predicted to provide a 3 dB noise reduction. However,
other changes to tip planform, such as to elliptical tips, were noted to result in
significant additional noise reductions. These changes combine the effects of
reduced blade tip thickness and tip loading, and provided predicted reductions of up
to 7 dB in the combined effect.

In the Twin Otter study, change of tip shape and tip thickness was
predicted to provide only about | dB benefit in noise level, except when an OVI0
"low noise planform' was evaluated. The latter was expected to provide at least
3 dB benefit, relative to the baseline case.

Evaluations for the Duchess aircraft did not explicitly examine thickness
effects in isolation from other (e.g., diameter) parameter changes. Noise reduc-
tions of between 2 and 3 dB due to the combined effects of reduced tip thickness
and change in tip shape are indicated by the analyzed data.

Combined Changes (without cost or weight increase)

The first three columns of Table 13 summarize the benefits in noise
reduction discussed so far for propellers with advanced airfoils which can be
opiimized on diameter and blade thickness reductions. Klatte and Metzger“I
indicated that these methods can be utilized with considerable propeller cost and
weight reductions, as follows:

Optimum
Noise Reduction Propeller Propeller
Aircraft Without Cost Cost Weight
Type Penalty, (dB) Reduction (%) Reduction (%)
Debonair I 22 22
Duchess 4 40 50
Twin Otter 6 5 15

e




Table 13
Summary of Noise Reduction Concepts Using
Advanced Airfoil Blades in Baseline Design
Noise Reduction, dB
Aircraft Diameter Thickness Tip Blade
Type Reduction Reduction Shape Sweep Proplets
172N 2 4 - 5-8 3
Debonair 5 3 3 5 - !
Duchess 3 (210 3) - - !
210M 3 4 - N/A 2
us) N/A | - 4 | "
Twin Otter 4 | i - -

N/A: Not Appropriate. .

The major change in technology involved in the above approach to propelier
noise reduction is that of incorporating the required structural integrity and impact
(wear) resistance into blades which must be capable of operating safely in |
unprepared or poorly maintained airstrips. Thus, if aircraft usage could be
restricted according to blade sensitivity (which is an unlikely prospect) then the
advanced blades discussed above could be considered as immediately available for
such restricted applications. However, the noise, cost, and weight benefits
predicted for these propeller designs must await an improvement in material and
manufacturing technology before they can be realized for the whole fleet, rather
than just for the twin engined business aircraft fleet, some of which currently use
NACA 16 airfoils.

Blode Sweep

—— e o

Primary interest in the use of blade sweep in propeller designs is directed
towards high speed propulsors for Mach 0.8 cruise transport category aircraft.
such cases the propeller blade tip speeds are subsonic in rotation but supersonic in
helical motion. Thus large areas of each blade are supercritical (with local flow
velocities exceeding sonic speed). Applying blade sweep reduces these l[ocal
velocities and local pressure gradients, and therefore contributes greatly to
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improved aerodynamic performance and reduced noise output. A further advantage
expected of blade sweep on noise generation is that of the geometric phase lag
between the blade element sources. This effect, which should result in a change of
the sound pressure time history at the observer location, is being closely investi-
gated by Hamilton Standard in the advanced "prop-fan" designs.

The application of blade sweep to the small propeller-driven fleet of
gircraft is shown by Succi28 and Kiatte and Metzgerl'I to have significant potential
for noise reduction. For example, Succi performed theoretical analyses of a wide
range of sweep configurations applied to a Cessna 172 aircraft propeller with
NACA |6 airfoil blades. His analysis suggests that up to 8 dB reduction might be

achievable from moderately complex configurations, and up to 5 dB reduction for
41

e ME A A e el

less complex sweep configurations. Klatte and Metzger™ examined the potential
of blade sweep for the Debonair aircraft example. Their theoretical work
indicated that a further 5 dB noise reduction might be achieved, relative to the
optimum nonswept blade discussed in the preceding note on combined changes 1
(without cost or weight increase). The Klatte and Metzger study applied a 52
degree sweep at the radial station where critical flow first occurs. However, they
also showed that while propeller weight would not be a detrimental factor, costs ]
would be well in excess of that of current conventional propellers. The benefit of

43, 44 of Cessna

new technology in propeller materials has been examined by Keiter
Aircraft, McCauley Accessory Division. In these studies, aluminum blades were
considered to be replaced by composite materials, such as E-glass, S-glass, Keviar
and Graphite, for a range of Cessna aircraft (172N, A1888, 210M, 414A and 441
models) while the additional cost of advanced propellers for these aircraft was
predicted to be substantial, the total retail cost of the aircraft, and the operating
cost, was predicted to be substantially lower (than the current baseline design) due
to the more substantial savings incurred by airframe/engine resizing and more

efficient economic performance.

A most significant finding of the Keiter study was that aircraft designed to
meet the current FAR 36 noise limit, using advanced technology, should be able to
retail at a cost savings of 8percent to |6 percent lower than the current 7
technology equivalents, and with between 7 percent and |7 percent reduction in

trip fuel consumption. Designing these aircraft to meet a noise limit 5 dB lower
than the current FAR 36 would reduce these savings by the order of | percent or
less. Further reference is made to these results in Section 3.4 which summarizes
the expected propeller noise reduction benefits of current and new technology.
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Proplets

The potential aerodynamic benefit of the use of airfoil-tip winglets has
been known for some time and has been used or experimented with in a wide range
of aircraft wing applications. In more recent years this experimentation has
extended to propeller blade tips, such as in the so-called Hartzell Q-Tip propeller.
Unfortunately, these experiments have not shown a consistent benefit in noise
reduction, possibly because the benefits depend on the predominant source of noise
(whether it is loading or thickness), and whether the proplet is used fo gain extra
performance rather than reduced noise.

Two recent stt.‘diesas’l‘6

of proplets have shown that these devices are
capable of providing noise reduction by trade-off of the improved performance
potential, Irwin and Muzmm[‘S suggest that a | percent increase in propeller
efficiency is attainable at advance ratios corresponding to maximum efficiency,
but that optimization of proplet design may be necessary to achieve the greatest
benefit. Sullivan, Cheng and Miller"6 suggest that the potential increase in
propeller efficiency may be as much as |-5 percent, From a noise reduction
viewpoint, this efficiency benefit can be used to reduce propeller diameter, and
hence blode tip speed. This approach was included in the study by Korkan,
Gregorek and I-(ei'rer“Z aond indicated potential noise reductions of 3dB for the
Cessna 172, 2dB for the Cessna 210, and | dB for the Cessna 441, as shown in
Table 13. These results were also included in Keiter's review of advanced propeller

technology.“'

3.3.2 Noise Reduction Benefits of Applying Other New Aircraft Design
Technology

The preceding discussion has emphasized noise reduction of the primary

noise source — the propeller. However, as indicated earlier, noise under the takeoff
path can be reduced if climb performance can be improved., The reverse is, of
course, also true so that any noise reduction technique which reduces aircraft
climb performance will be partially or wholly negated without a compensating
change in the aircraft design to overcome or cancel out the performance
degradation. Because of the high deveiopment costs associated with any basic
changes to an aircraft design, such changes are uniikely to be economically feasible
solely to meet noise reduction requirements, However, where they are achieved
for other reasons, such as improved economy, climb performance, etc., their
corresponding noise reduction benefits bear consideration.
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Airframe Design and Noise

One view of the basic airfrome design conditions for an aircraft is
illustrated in Figure 20. The excess available power, over that required to
overcome induced drag and form drag, is available for climbing. The lower the
combined drag, the more excess power available and hence the better the climb

performmce.“7

A simplified model for the performance of fixed wing aircraft is provided

. [T ) CD]
sin”' | W CL

-2l

by the following expressions:

Climb Angle, o

Rate of Climb, R/C

. *
Takeoff Distance, D50

[ C
T D 8 (W/A)(T/W)
L5°/ W C‘L] *3 T pgC

it
where
TIW = Ratio of propeller thrust (T) to Takeoff Weight (W)
W/A = Wing Loading, ratio of weight (W) to wing area (A), Ib/ft2
CD/CL = Ratio of drag (CD) to lift (CL) coefficients
I = Weight density of ambient air

A representative set of values for these parameters for a single engine
piston aircraft, with a maximum takeoff weight of 3,000 Ib, is given by

W = 023

W/A = 18 Ib/ftd

pa = 0.0765 Ib/ft3 at 15°C, sea level
CL = 2

»
Distance from brake release to clear a 50 foot obstacle; assumes a linear decrease
in acceleration from an initial value of T/W at brake release, to 0 at lift-off.
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Figure 20. Illustration of Typical Aerodynamic Drag/Engine Power Tradeoff
Concepts for Propeller Aircraft (from Reference 47)
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The corresponding performance parameters are

—

. o, Climb Angle = sin!0.12:6.9°
R/C, Rate of Climb = 627 ft/min
DSO’ Tokeoff Distance = 1,780 ft

At a distance of 2.5 km (8,200 ft) from brake release, the height, H, of the
aircraft on takeoff would be

H = 50 + (8,200 - DSO) (ton )
= 820 ft

o hit s i . L

Assuming the baseline aircraft just meets the noise certification criteria
(80 dB(A)) at 1,000 ft with a maximumn continuous power setting and that the higher
propelier rpm during takeoff increases the source level by 3 dB, the expected level %
on the ground at 2.5 km from brake release would be

LApax = 80 +20 log, g (1000/820) + 3, dB
- 84.7 dB(A)

With this as a baseline condition, one can approximate the decrease in
noise level on the ground attributable to the following type of changes in the
airframe design.

o Reduce the takeoff weight by 3percent (assuming the same

payload) - this increases the thrust to weight ratio (T/W) and wing
loading (W/A) correspondingly, or

o Reduce the drag coefficient (CD) by 3 percent, or

o increase the lift coefficient (CL) by 3 percent.

Applying each of these small, but still very significant design changes one
, at a time, and then in combination, one can show that the maximum noise level in
? the ground would be expected to decrease approximately as shown in Table 4.
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Table 14

[lustration of the Potential Noise Reduction During Takeoff
Achieved by 3 Percent Improvements in Aircraft Performance Parameters
Improvement
Reduce Weight | Reduce Drag | Increase Lift'? |  All Three ?
Base
Line ;
¢ Parameter Value| Value 7aY Value A Value A Value a i
- i
L /W 0230237 43% | 023 0 | 023 0 0237 43% :
W/A, Ib/ft2 I8 | 1.5  -3% 18 0 18 0 175 -3% ]
CD/CL 0.11 | 0.1} 0 0.107 -3% 0.107 3% 0.103 -7%
Cio 2.0 2 0 2 0 2.06 +3% 2.06 +3%
DSO’ ft 1780 1681 -5.6% 1770 -0.6% 1730 -2.8% 1023 -8.8%
Climb Angle,deg.| 6.9°] 7.3° +5.8% | 7.1° +2.6% | 7.1° +2.6% | 7.7° +11.6%
R/C, ft/min 627 | 654  +4.3% 644  +2.7% 634  +1.2% 680  +8.4%
Ht @ 8200 ft, ft 820 | 878 +7.1% 843  +2.8% 848  +3.4% 9Bl +13.6%
! LAMox' dB(A) 8.7) 84,1 -0.6dB} 84.5 -0.2dB| 84.4 -0.3dB | 83.6 -i.1dB
(1) Assuming change in airfoil shape only with same area.
{ While these hypothetical changes in performance are both significant and
! potentially costly fo develop, the changes in noise level are small and probably not
significant except for the last case. Nevertheless improvements in aircraft takeoff

| performance, especially that due to reduction in takeoff weight, are clearly
‘ desirable for other reasons and the corresponding noise reductions will become a

i very desirable side benefit that can be realized by such improvements in airfrome
' design.

3.4 Summary of Expected Benefits

3.4.1  Current Technology

The opinion of the industry on the use of current technology for noise
reduction purposes is clearly expressed by Hooper and Smith7 who claim that it has ;
been used to the limit, both for propeilers and engines, to meet the current FAR

Part 36 Appendix F noise limits. The studies by Cessna for purposes of the present




work indicate that the performance margin available for further noise control is
likely to be insufficient for single-engine aircraft, but may, in some cases, be
economically feasible in twin-engine aircraft. However, it may not be practical to
differentiate in a noise regulation between aircraft models which have and have
not a potential for further noise reduction. Such differentiation is, however,
already evident, but not from a regulatory viewpoint, by the usage of MNOP as a
noise limiting method. It seems unlikely that this approach could be considered as
having a wider application across the aircraft fleet to meet more stringent noise
limits.

In summary, current (off-the-shelf) technology does not appear to have the
potential of meeting more stringent noise limits for the current flyover test
procedures, at least for single engine aircraft. Reference to the study of takeoff
noise level predictions, presented in Section 2.2. for a sample fleet of aircraft
models, would indicate that mony of the currently certificated models may not be
able to satisfy noise goals derived for the majority of the fleet. It is therefore
concluded that more stringent noise limits will only be economically viable by the
use of advanced technology propeller designs which can be integrated with current
technology engines.

3.4.2 Advunced Technology

The potential for future benefits in noise reduction by development of new
technology propellers has been extensively evaluated by a number of recent
studies, as discussed in Section 3.3. The most recent of these by Keiter“‘ in 1981,
based on a study by Ohio State University and Cessna Aircraft, indicates that the
use of advanced biade airfoil sections, composite materials, blade tip sweep and
proplets, together with optimization of diameter (in some cases by increase of
diameter), propeller rpm, and engine/airframe sizing has the potential for meeting
noise limits 5dB lower than current FAR Part 36 with substantial reduction of
retail and operating costs. The cost penalty for the 5 dB lower limit was estimated
fo be of the order of | percent, this being deducted from a net cost benefit of the
order of 7 percent to 16 percent resulting from the technology application.

| However, many of the concepts employed in these recent studies are a
result of theoretical evaluations using the most recent of acoustical and aero-
dynamic analytical methods. In each case, the researchers call for development




programs to verify their findings. Since the one aim of the regulatory process is to
ensure that the technology is fully utilized, it would appear reasonable to plan for

imposition of lower noise limits of the order of 5dB to become effective in a
future time period, selected to allow sufficient time for the necessary validating

development to be accomplished.




4.0 CONSIDERATIONS FOR AMENDMENT OF NOISE REGALATIONS FOR
PROPELLER-DRIVEN SMALL AIRPLANES

Four areas of possible amendments to the existing noise regulations in
Appendix F of FAR Part 36 (see Appendix A herein) are considered in this section
based, in part, on the material presented in Sections 2 and 3.

1. Change in test procedures to require the use of a takeoff test in
place of or in addition to the current level flyover test.

2.  Change in the noise metric from LA, 1o SEL (or L ).

3. Change in Appendix C or F of FAR Part 36 to eliminate the
discontinuity between the current rules at a maximum gross weight
of 12,500 pounds. (The discontiruity occurs at 5,700 kg or 12,568
pounds for Appendix 3 of ICAO's Annex |6 noise regulation.)

4. Any possible change in noise limits associated with any one of the

above three items.

4.1 Change in Test Procedure

In Figure 4 (Section 2), it was shown that at the same distance undermeath
the flight path, the noise is expected to be higher during takeoff than during cruise
power settings due to the higher propeller rpm for the former condition, The
exception observed was the cruise optimized fixed-pitch propeller aircraft which
had a lower rpm during takeoff than during cruise at MNOP.

Thus, it could be argued that a takeoff noise certification test should be
required for all propeller-driven small aircraft, with the possible exception of
cruise optimized fixed-pitch propeller aircraft, to insure that worst case conditions
are employed for the test. A counter to that argunent is that for many airports,
the population density is very low near the airport boundary undemeath the
climbout portion of a departure. For the majority of propeller-driven small
aircraft operations (i.e., single engine, less than 3,500 pounds), the largest number
of people under departure paths are likely to be exposed to reduced power
conditions employed after the aircroft has leveled off at normal departure or
potterri altitudes. However, the population along the airport runway sidelines may,
in some situations, receive a considerable exposure to the noise during takeoff,
even considering the additional ground attenuation loss of the takeoff noise during
initial ground roll. Precise generalization is not possible as to which portion of the
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flight of departing propeller-driven small aircraft has the greatest noise impact on
a community - the initial ground roll and takeoff ot maximum takeoff power, or
level fl@n at normal cruise power (or maximum normal operating power). This
can only be resolved accurately for specific airports, case by case, or by collection
and evaluation of noise exposure data and population density around a large sample
of general aviation airports. No such detailed data exist at present. Therefore, in
the absence of such dota (see Appendix D for a global view of the noise impact
near general aviation airports), the argument given at the beginning of this
paragraph may be considered a necessary and sufficient reason for noise certi-

fication requirements for all but cruise optimized fixed-pitch propeller-driven

small airplanes to be based on levels measured (or computed) at a position

underneath the aircraft during takeoff. Note that the performance correction
currently applied in Appendix F of FAR Part 36 and in Appendix 3 of ICAO's
Annex |6 only accounts for the variation in altitude, due to the wvariation in

climbout performance, at a nominal distance of 11,430 ft (approximately 3.5 km)
from brake release. However, the difference in source level under the takeoff path
due to variation in propeller rpm between takeoff power and maximum normal
operating power is not accounted for by this correction.

To accomplish such a revised certification requirement, two options

appear to be possible:

I.  Conduct the noise certification tests so as to measure directly the

required takeoff noise level, or

2. Modify the existing performance correction applied to level fiyover
test measurements to provide an effective measure of takeoff noise

levels.

Based on the results obtained in this program, either approoch appears
feasible as outlined below,

4.1.1 Direct Measurement of Takeoff Noise Levels

The following observations are based, to a large extent, on the results
obtained from the flight test program, conducted with Cessna Aircraft Company,
which is reported in detail in Appendix B.

4.1.1.1 Measurement Location

Although a sideline measurement position was considered in the initial
planning of the test program, it was not utilized. To maximize the simplicity and
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validity of the takeoff noise tests, only positions under the flight path are needed.
A position of 2.5 km (8,200 ft) from brake release is considered optimum on the
basis of the following rationale:

a. 2 km (approximately 6,560 ft) from brake release represents the
minimum distance that is practical, based on aircraft heights and
the need to represent a realistic environmental problem area.

b. 3 km (9,840 ft) and greater distances present difficulty because

- suitable measurement locations are not available at such
distances near many general aviation airfields;

- ambient noise can become too high for quiet, high perfor-
mance aircraft,

c. 2.5km is considered to be a good compromise.
4.1.1.2 Selection of Flight Profile

In contrast to the requirement for level flyover tests that the height of
the aircraft above ground level be within +30 ft of a 1,000 ft reference distance, no
such direct control on aircraft height is involved for a takeoff test. However, the
aircraft performance during tokeoff must be controlled - this sets the altitude
indirectly. It is recommended that a "best rate of climb" takeoff profile be
required for takeoff tests.

An alternative "takeoff" procedure was evaluated which showed nearly
identical results, when allowance was made for minor variations from the actual
takeoff tests, in altitude or propelier rpm. This consisted of a simulated climbout
initiated after a low level, low power approach, followed by acceleration and then
climbout along a predetermined profile, calculated by Cessna, to simulate a
takeoff profile which passed through the 1,000 ft altitude over the measurement
point,
4.1.1.3 Measurement of Nonacaustic Test Parameters

As discussed in Appendix B, the pertinent airplane flight parameters (i.e.,
propeller rpm, indicated airspeed, and temperature) were measured with standard
on-board instrumentation and logged, manually, by the pilot or test observer.
Airplane height was measured photographically.

e ek -l
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Test Durations

As indicated below, only small differences were observed between the
duration of each test allowing time for the aircraft to land and reposition at brake
release (where appropriate), or circle around for another pass over the microphone

array.
Average Time
Test Between Tests
Takeoff Tests 6 min.
Simulated Climbout 5 min.
1,000 ft Flyovers 4 min,

4.1.2 Correlation Between Takeoff, Simulated Climbout, and Level Flyover

Consider, for now, the correlation between only the maximum sound
levels (LAMox) on takeoff or simulated climbout and the level measured for level
fiyover. We will consider this correlation again in the next section in terms of the

sound exposure level,

The simplest form of such a correlation can be demonstrated by applying
corrections to the measured tokeoff {or simulated takeoff) levels to account for
differences, in propeller rpm and distance, from corresponding valves for the level
flyover condition. For convenience, the latter will be represented by the average
measured values, corrected to a 1,000 ft distance, qs summarized earlier in
Table 4(d).

The results of this process are presented in Table 15. The correlation is
quite good for the first two aircraft. As illustrated later, the noise during takeoff
of the 172P aircraft appears to be a combination of propeller and exhaust noise so
that the flyover noise levels computed from the takeoff tests do not agree as

closely with the actual measured values.
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Table 15

Illustration of the Correlation Between Measured Takeoff (for Simulated Takeoff)
Levels Corrected to Flyover Conditions, and the Average Measured Values

) LAM ax (Flyover) ‘
K'log rpm '
Test | TPM of
Aircraft]! Condition | LA Mox Corrected Measured N ’
- dB(A) d8 dB(A) daB 4
402C T/0 82.0 -2.7 793 79.8 +0.5 !
T210 T/O 82.5 -3.2 79.3 79.5 +0.2
s/C 83.3 -2.8 80.5 79.5 -1.0
(72pP T/O 69.6 +1.5 77.1 75.1 -2.0
S/C 68.9 +1.8 76.7 75.1 -1.6
Average A& -0.8

|Meusureo:i test level corrected for spreading loss between Test Ht. and Reference Ht. 1,000 ft
(from Table 4(d)

L

ZConecﬁon, derived from Figure 4, for difference between test rpm and rpm for level
flyover.

Nevertheless, the average difference between computed and measured
flyover levels is -0.8 dB, illustrating the reasonableness of computing either
takeoff or flyover noise levels for propeller-driven small propeller aircraft, given
the other valve.

5.2 Noise Measurement Considerations

Three different noise metrics were evaluated in the tests described in
Appendix B.

o Maximum Sound Level, LAM ox

o Sound Exposure Level, L AX (using the 1SO terminology)

) Average Sound Level, Le q

The latter measure is reported in the detailed data in Appendix B but is
not considered further in this section. It is best used to define the "average" noise
level over a defined period of time instead of over a single (aircraft flyby) event
whose effective duration can vary with speed or altitude of the aircraft.
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The remainder of this section will consider the various aspects involved in
measurement of either of the first two noise metrics, L‘AMox or Ly, the
relctionship observed between them, and the possible change from LAMox 1o LAX

for noise certification.

4.2.1 Microphone Height

A typical time history of the A-weighted sound level, relative to its
maximum value, is shown in Figure 21a0) from one of the flight tests described in
Appendix B. The plot shows the relative levels measured ot the 2.5 km measure-
ment location for both a 1.2 m and 10 m microphore height. The former height is
currently required in Appendix & while the latter has received increasing consi-
deratinn for noise certification measurements of jet-powered aircraft in order to
minimize ground reflection problems. As shown in Figure 2!(a), the time bistory of
the relative A-weighted sound levels measured for the two microphone heights are
in close agreement. However, Figure 21(b) shuws how the time history of one-third
octave band levels at 250 Hz from this same test exhibits the presence of very
large fluctuations in level at the 10 m microphone. These large fluctuations are
due to cancellation and reinforcement of the propeller noise harmonic at this
frequency by qround reflections. Similar ground refiection anomalies also occur
for the 1.2m microphone, but are at higher frequencies and are lesser in
fluctuation amplitude. It therefore appears that ground reflections for propeller
noise may actually not be as significant for a 1.2 m microphone height as for a
{0 m microphone height. This may be due to the fact that for the 1.2 m height, the
frequency spacing between cancellation dips is much larger than for a 10 m height,
thereby reducing the occurrence of coincidence with propeller harmonic
frequencies. It is possible, however, that in some unique test cases, the
cancellation effect may be problematic with a 1.2 m height microphone, depending
on whether the aircraft propeller frequencies are "tuned" to the cancellation dip

frequencies.

A more detailed comparison of the relative utility of @ I0m vs 1.2 m
microphone height is not attempted here. However, it is possible to generalize as
follows. Table 16 contains a summary of the average and standard deviations of all
the measurements from the flight test program. From examination of this table,
one can show the foliowing:

o The average values of maximum sound levels, LAM ax’ measured at
1.2 m differed from those at |10 m by a mean value of +0.3dB
+1.1 dB (the values at .2 m were higher).

.
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Figure 2). Time Histories of Relative A-Weighted Sound Level (o) and 250 Hz One-
Third Octave Band Level (b) ot 1.2 m and 10 m Microphone Positions.
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Table 16

Summary of Measuwred Data from Flight Test Program
(see Appendix B)
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o The corresponding average values of sound exposure level differed
by -0.2dB +0.5dB (i 2., the values at 1.2 m were lower).

o The average standard deviations of these noise metrics were 0.7] dB
ond 0.60dB for LA, at 1.2m and [0m, respectively (not
significantly different), and 0.54 dB and 0.57 dB for Lax ot 1.2m
ard 10 m, respectively.

Thus, the noise levels measured at |0 m appear to have approximately the
same variability as those at {.2 m and a very slightly lower maximum sound level -
a result that is not inconsistent with previous observations,

More detailed considerations of the effect of microphone height are also
reported in References 49 and S0.

Before leaving this topic of ground reflections, attention is drawn to
Figure 22 which shows an overlay of the time histories of the A-weighted sound

o Nl i e

levels from two successive flights of the 402C two-engine aircraft as measured at
2.5 km with a 1.2 m microphone height. The plot of relative levels for the second
run (#7) was odjusted, vertically, so as to coincide with the first run, during the ;
i period of build-up and fall-off from the peak values. Note that this second record ’ 1

H Y
Run ft Kts

—— 6 1000 185
~=--7 1000 184
Microphone at
N 2.5Kkm&1.2m

Relotive Sound Level, dB
]
N
101

Time —

Figure 22. lllustration of Possible Phase Cancellation Effect, ot a [.2m
Microphone Height, for a TwoEngine Propeller Aircraft Level
Flyover ot 1,000 ft




shows a distinct dip in the peak level. The implication is that the combination of a
ground reflection pattern and phasing of the two propelier signals served to cause
this dip in the maximum sound level for the second test. This is confirmed by the
measured data observed for this pair of tests as follows.

LAMax 9B Loy 9B
Run 6 81.0 86.0
Run 7 80.0 85.9

.
Thus, the time-integrated levels are nearly identical for the two runs while the
maximum values differ by 1.0 dB for these tests. This dip in time history at the
nominal point of maximum level was observed in four out of the nine level fiyovers

for this aircraft but did not appear on any of the six takeoff flights.

In summary, there is not any substantial justification for changing from a

}.2 m to a 10 m microphone height based on the results of the tests reported here.

4.2.2 Instrumentation tor the Measurement of Maximum Sound Level or Sound
Exposure Level

Two types of instrumentation were utilized in the flight tests for this

program:

o Direct reading integrating sound level meters with (GenRad |988) or
without (Bruel & Kjaer 2218) a "maximum level" feature to hold the
value of the maximum sound level for convenient readout of LAMox'
Both types of meters provide a digital readout of sound exposure
level and integration time. Such meters have been defired as
integrating-averaging sound level meters in a current draft standard
for such instruments.sI The GenRad unit was more convenient to

use for those aircraft noise flyover measurements in two respects:

1) The holding feature allowed the maximum level to be read,
easily and unambiguously, to within 0.1 dB,

2) The GenRad meter also read integration time to the nearest
second as opposed to a reading to the nearest 0.00{ hour
(3.6 sec) for the Bruel & Kjaer model.

° Tope-recorded data, using high quality (Nagra Model SJ) tape
recorders and subsequent tape analysis into an integrating sound
level meter to read for LAMox or LAX’ a spectrum analyzer for
spectral content, or graphic level recorder to observe the time
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history. While this 1ype of instrumentation was highly desirable for
the type of exploratory measurements carried out for this program,
it is not absolutely required for routine noise certification.
However, as a reliable record of the field measuremenis, such a

recording is invaluable and should be acquired whenever possible.

Table 17 lists additional details on many of the other sound level meters
currently available on the market. Most of the other manufacturers — Metrosonics,
Monarch, Quest, and Digital Acoustics — make integrating sound level meters. One |
potentially useful feature for such integrating sound level meters, which is
available on only a few models, is an adjustable or fixed internal threshoid setting.
This establishes a minimum sound level, below which the integration circuit does 4
not operate so that one measures, in effect, only that part of the sound energy on a
given single event that lies above the threshold level.

For the GenRad and Bruel and Kjaer units utilized in this program, there 4
apparently is no such internal threshold which cuts off the integrator. Thus, if
these meters were placed in a very quiet location where the acoustic ambient noise
level was below the internal electrical background noise of the instrument, they
would integrate this internal noise, and register an output reading corresponding
only to this internal noise. However, this is not necessorily o handicap since this
feature can be used as a means of checking on the internal noise floor to verify the

integrity of any actual measured noise event.

Furthermore, an additional means of counteracting any potential errors
associated with integration of the meter's internal noise floor is provided by at
least one model (GenRad 1988). This mode! indicates when the measured sound
level falls below the internal noise floor more than about | percent of the time

while the meter is integrating the sound exposure level. Finally, a more general
safeguard against any significant errors in the output of an integrating sound level
meter due to its internal noise floor is expected to be included in the performance
standard for such meters.Sl This is expected to require that the lowest sound level
for which the meter can be used, reliably, will be defined so as to ensure occurate
readings of sound exposure level within the meter's specified tolerance
requirements.

With this general background on the instrumentation aspects of the noise
measurement, consider now the more detailed evaluation carried out in this
program concerning the measurement of sound exposure level of small propeller

aircraft flyovers.
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4.2.3  Measwement of L, Using Direct-Read Integrating Sound L evel Meters

The definition of the single event exposure level, LAX' as gven by
International Standard 1SO 3891-197&E), "Acoustics — Procedure for Describing
Aircraft Noise Heard on the Ground," is

Lax = LAmax * 2 A
where

LAMox is the maximum A-weighted sound level, and

Ap is a duration allowance which accounts for the time history of the noise
event between the first and last instants at which the noise level is 10dB
|
betow "AMox'

In effect LAX is the | second equivalent energy noise level obtained by
time integration of L , between the so-called "10 dB down points."

Direct-read integrating sound level meters provide a measurement of this
| second equivalent energy level for either a preselected time period, or for a time
period between manuwally activated start and stop instants. In both cases, the
integration period is stored (and can be displayed) with the LAX value. The
problem of direct read, field evaluations of LAX for aircraft flyover noise events is
simply that there is no prior knowledge of the first 10dB down point. The
following information has been derived from tape-recorded histories of noise of
three different aircraft in different flyover modes of operation.

Figure 23 iilustrates a typical time history of LA during an aircraft
flyover event. The time history commences at some preselected marker station,
eq., brake release for a takeoff case or overflight of a runway reference point for
level flight cases, and ends at the 10 dB down point after LAy, -

Table 18 shows values of LAX obtained by allowing the time integration
process to commence at (a) a marker point well in advance of the noise event,
() at 10 second intervals after the marker point, and (c)at the first instant at
which LA is within 10dB of LAMox' In all cases, the integration ended at the
irstant the sound level had diminished by 10 dB after LAMcx'

In addition, the table shows the time, in seconds, between the 10 dB down
points (corresponding to the reference value of LAX)’ the valve of LAMox during
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the fiyover event, the total duration, in seconds, of the aircraft flyover from the
marker point to the last {0 dB down point, and the ambient noise level just prior to
the flyover.

Table I8 was derived by analysis of tape-recorded sound histories
acquired at @ measurement site using the |.2 m microphone, 2.5 km from @ brake
release inarker point on the takeoff runway, and on the extended centerline of the

takeoff runway.

Four different methods of obtaining L ax values in the field, by means of
direct-read integrating sound level meters, were used for comparison purposes in
Table 19, based on the data shown in Table 18. The differences between the LAX
values obtained by these methods, relative to the LAx value for the period
between the 10 dB down points, are also shown in Table 19.

Additionaily, an approximate evaluation of LAX’ as described in
15O 3839- 1978(E), is compared with the reference Lax valve.

The Table {9 values of LAX are described as follows:
Colunn i: LAX (Ref)

These values of LAX are for the period between the 10 dB down points,
and can only be obtained by subsequent analysis of data records.

Column 4 LAX from Marker

These LAX values con be obtained directly in the field by commencing
time integration at the instant of brake release for a takeoff event (or at the
instant of fiyover of the brake release marker point for other flight profites). Time
integration is (manually) stopped, after the occurrence of LAMox’ when the
A-weighted sound leve! is 10dB below LAMax’ It should be noted that this may
not always be the "last instant” at which LA is 10 dB below LAMox’

Column 5: LAX from 20 seconds after Mar ker

These wvalues o LAX can also be obtained directiy in the field by
commencing integration 20 seconds after the above-mentioned "marker point"
irstant. The objective of delaying the integration start is simply to reduce the
period of ambient noise integration.
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Column 6: L,y = Lax (Col. &) -Lay (ambient)

This method of evaluating LAX can be performed in the field by obtaining
a. Leq (eambient)
b. LAX’ the direct read value over the integration period, and
c. Tim’ the integration time, in seconds, corresponding to LAX'
These values can be obtained directly from integrating sound level meters.

The corrected value of LAX is given by

Lay(m) L,y lamb)
AX AX ] ,dB

Lax = 101og)q [10

10 (0 \ 10
where
LAx(m) - LAX (meoswed), Gm
L poxlomb) = Leq (eambient) + |0l°glO(Tint/|)’ dB8

The LAX values in Column 6 are based on the measured LAX and Tim values
obtained by commencing integration at the marker point.

The procedure for evaluating L ax in Column 6 is repeated for Column 7
except that the values of Laox and Tinf are those obtained by commencing
integration 20 seconds after the marker point.

Column 8: LAX = LAMQX + AA

This method of obtaining an approximate value of LAX is described in
ISO 3891-1978(E) and can be employed in the field if a time history trace of Ly is
acquired. In the approximate method, the value of LAMox is corrected by a
factor A given by:

t, -1t
2" 1
a, = 10 |og|0 (__.2._)
where
12 -1 is the time period, in seconds, between the first and last instants

at which LA is within 10dB of LAMax‘
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The approximate resulting value of LAX is therefore based on the
assumption that the time history “shape" is symmetrically triangular about the
LAMux instant,

Error evoluations are shown in the last five columns of Table 19. These
errors are simply the differences between the L AX values obtained by the above
methods, relative to the reference LAX values in Column |,

To summarize, it is evident from the example cases shown in Table |9
that it is beneficial to reduce and/or account for the effect of ambient noise in
evaluating LAX by direct field measurement procedures. It is also evident that the
ISO method for obtaining an approximate value of LAX is inferior to those which
employ direct read integrating sound level meters.

For future possible regulatory purposes of obtaining a valid measurement
of LAX for small propeller-driven aircraft, the following should be considered:

a. The minimum period of time integration should include the period
between the first and last instants at which Ly is within 10dB

of LA Max®

b. Measurement of LAX should include a measurement of the inte-
grating period over which the L‘AX evaluation is obtained.

c. A measurement of ambient noise, Leq’ dB(A), should be obtained
before and after the aircroft fiyover event.

d. Corrections to the measured value of LAX' to account for ambient
background noise, may be made provided such corrections do not
exceed some specified amount (e.g., 0.5dB). Such corrections
should be based on the measured values of LAX' Tinf’ and Leq

(ambient) as described in this section.

4.2.4 Conversion Between LAMax and LAX for Level Flyover or Takeoff Noise

Tests

It was shown earlier how it was possible to convert the maximum sound
level measured under the takeoff path to the maximum level underneath the
aircraft for a level flyover. The conversion process simply corrected for the error
in source level due to differences in propeller rom and for spreading loss, dve to
differences in aircraft height over the measurement point. Consider now an
additional conversion - between maximum sound level and sound exposure level -
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for either level flyover or takeoff ana, hence, conversion from LAMox for level

flyover to LAX for takeoff (or vice versa).

To develop the conversion algorithms, several analyses were made. First,
the time histories for each of the flights, as measured at 2.0 and 2.5 km with the
1.2 m microphone height, were collected ond time histories for all similar flight
test conditions superimposed, as illustrated in Figure 24, relative to the level and
time of the maximum level. For each of these composite time histories of relative
level, a smooth line was drawn through the data and "data" points read from each

of these average curves to define an average re!ative time history for each case.

The resulting average relative time history "data" are shown in Figure 25.
Now assume, for a first approximation, that the maximum sound level is observed
when the aircraft is nearly overhead. This is a reasonable assumption since
published data indicate the maximum A-weighted level for flyover of small
propeller aircraft actually occurs at an angle of about 5° past directly overhecd.52
One can then normalize these various time histories to a single reference aircraft
height ond speed. Reference values of 1,000 ft and 160 kts (270 ft/sec) were
employed for converience. Neglecting the 5° shift from directly overhead for
LAMox involves a time error of about 0.3 seconds for the reference height and
cltitude. The normalization process simply consists of changing the time t for

each data set to o normalized time t' given by

t = t(V/270) / (H /1,000), sec

where V,H = the average true airspeed, in ft/sec, and aircroft height, in ft,
respectively, for the averaged time history.

In oddition to the preceding assumption about the directivity of the
propeller noise, this normalization of the time scale also assumes that atmospheric
attenuation is negligible and need not be considered in scaling the time history.

The result of applying this scaling process to the raw averaged time
histories in Figure 25 is shown by the data in Figure 26. The collapse of the
relative time history dota for the flyover and takeoff tests is quite satisfactory
except for the | 72P aircraft on takeoff. As indicated earlier, the propeller rpm for
this aircraft is lower on takeoff than during level flight and it is believed that this
resulted in a strong influence of engine exhaust noise which has @ much broader
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Figure 24. Overlay of Relative Time Histories of A-Weighted Sound Level Observed
ot 2.0 Km from Broke Release for 402C Aircraft During Takeoff Tests.
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directivity pattern approaching that o' o monopole. Excluding the data for the
1 72P takeoff time nistory, it was possible to construct a single curve through the
remaining data in both Figure 26(a) and (b) to represent a normalized time history
of the A-weighted sound level, relative to the maximum value. This empirical
curve is shown in Figure 27. Also shown on this figure are the dota points from
Figure 26(a) and (b) for the normalized average flyover and takeoff time histories
of the 402C ocircraft as measured at the 2.5 km point with the 1.2 m microphone.
The excellent collapse of the data, when time is normalized by the simple linear
model invoked above, is quite evident.

While the curve in Figure 27 is based only on the 35 flights conducted for
the three aircreft types tested in this program, it is believed to provide a good first
approximation to the time history of A-weighted sound levels for takeoff or level
flyover at high power f{or most propeller-driven small aircroft. Again, the
exception is the propeller-driven small aircraft with o fixed-pitch propeller
optimized for cruise. Since takeoff tevel!s for such aircraft ure also expected to be
lower than fivover le-eis at the same distance, the takeoff condition snould not pe
significant for regulctory purposes anyway. Thus, with this one exception, the
average line on Figure 27 is proposed as a preliminary model for converting from
maximum A-weighted sound ievel, LAMox to sound exposure level, LAX’ for
purposes of regulatory action, for propeller-driven small aircraft. Refinement in

this mode! would be desirable based on a broader data sample.

It must be emphasized again that this proposed approach is based on an
idea! inverse square spreading law for sound propaqation losses inherent in the
simple linear time-scaling iaw outlined above. However, this is considered to be a
satisfactory approximation for the range of propagation distances involved in
converting LAMox to LAX for measurements at 1,000 ft under a evel flight or at
2.5 km from brake release where aircraft altitudes are expected to fall typically in
the range of 500 to 1,500 ft. Based on the normalized time history in Figure 27,
with a reference distance of 1,000 ft and reference speed of |60 kts (270 ft/sec),
the "10 dB down" points occur at an angle approximately :450 from vertical
(ignoring the small bias of about 5% in the position of maximum fevels from an
overhead position). As indicated by the foliowing sketch, a correction for changes
in air absorption loss when converting a time history for a 1,500 ft overhead height
to a time history for a 1,000 ft distance would involve a change in levels at the
"10 dB down" points due to air absorption over a distance of RZ'RI = 700 ft.
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liustration of Small Error in Time History of Level, L(t}, if Air Absorption is
Ignored When Converting from Level at 1,500 ft Flyby to Level at 1,000 ft Fiyby.

Based on a typicul effective value of about I.1 dB per 1,000 ft for the value of air

H this would represent a

absorption loss for A-weighted propeller aircraft spectra,
change in [evel at the 10 dB down point of about 0.8 dB. While this smal! change in
level is not accounted for by the simple linear time-scaling model implied in
Figure 27, the resulting error in sound exposure leve! is estimated to be no more

than about 0.5 dB.

Returning now tu Figure 27, integrating the relative levels, according to a
simple summation applied to the smooth line, provides the basis for a duration
correction O as follows:

aL/io, 7
D = Lay -LApax = 1010g;q z At. 10 /1°J ,dB
i

where

AL.I is the level L(t) relative to LAMox at each ifh time spaced at
intervals At apart. At was taken as one-half second for this

sumnmation, and
t, the reference time of | second implicit in the definition of LAX‘

A value of D = 4.4 dB was obtained from Figure 27 by this process. The
duration correctionD can dlso be expressed in the form dictated by the linear
model for the time history as
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D = i0log,, [K' .HO/Vo]z 4.4 dB

where
Ho' Vo are the reference wvalues of distance and speed of 1,000 ft and
270 ft/sec (160 kits), respectively. On this basis, the empirical
constant KI becomes 0.74.

An independent derivation of this duration constant KI was also carried

out by a regression analysis of the experimental data reloting LAX ond LAMax
assuming a linear model (i.e., energy effective duration scaling linearly with
distance/velocity). In this case, Ky was 1.07. However, the value derived by
integration of the curve in Figure 27 will be used for now.

The theoretical value for this constant K, if the source were a dipole
{oriented at 90° 1o the line of travel), would be /2. 3 As expected, however, the
directivity of the propeller noise field is even sharper than that of a dipole. In
foct, as shown below, the duration correction is closely approximated by the
theoretical value for the sound exposure level in one of the lobes of a moving
quadrupole oriented with one of its iobes perpendicular to the line of travel. For
this ideal case, the constont KI becomes TT/4 (=0.79), close to the value of G.74
derived, empirically, from the data in Figure 27.

Noise Exposure from Passby of a Quadrupole Source at an Arbitrary
QOrientation (Reference 53)

W /'“\ The distance (r) and intensity (I) for a
: 5\ lateral quadrupole source passby are given by 1
| ;

-V

r =[R2+(Vt)?] i

-1
KD = 1__ Gin0cos 02 [1 + (vi/R1Z]
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where

0 - B-ms"[R/m]

If the quadrupole is turned so that one of its lobes is at 90° to the direction of
travel, then B8 = 45° and the resulting time history has the shape indicated by the

following sketch,

Time History of Level During Passby of
of a Quadrupole Source with 8 = 45°,

Integrating only over the time limits t = +R/V, the noise level of only the primary
peak in the time history, indicated by the shaded area in the sketch. is obtained and
the corresponding sound exposure level can be shown to be equal to

T R
Lax = Lmax + 10109 [TI— V_] ,dB

Returning to the empirical basis for the duration correction, the conver-

sion between LAMox and LAX can now be expressed as
Lax = LAyg *D=LAy +10log 4 [0.74 Hv], dB

where H

1

the slant range at test conditions, ft

vV = the average aircraft speed at test conditions, ft/sec.

This expression was used to convert the predicted maximum sound levels
at takeoff and 2.5 km (8,200 ft) from brake release for the data base aircraft,
evaluated earlier in Section 2 (see Figure 8, page 31), to corresponding values of
sound exposure level for the predicted takeoff test conditions. The results are

shown inFigure 28.
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Figure 28. Predicted Values of Sound Exposure Level at 8200 ft (2.5 km) from Brake
Release for Takeoff Tests of Data Base Aircraft (compare to date
in Figure 8(b).
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To convert values of maximum sound level from level flyover tests,
LAMux(LFO)’ to sound exposure levels under takeoff conditions, L AX(T/O), the
preceding model can be used to define the following conversion expression:

T/0) = LA 0)+201 | D "1
LAX( /0)=L Mox(LF )+ 20 %910 F‘E +Klogyq MT(|) +

+10 log [0.74 H,/V] , dB

where

Hy» Hy

aircraft altitudes above the measurement points for the fevel

fiyover and takeoff tests, respectively,
K = 365 loglo [Propeller Diameter/Blade Width at 0.8 radius | -268

MT(l)’ MT(Z) = the rotational tip Mach numbers for the level flyover and
takeoff tests, respectively,

and V. = the aircraft speed for the takeoff test.

To demonstrate the application of this conversion expression, the average
values of the measured flight data, summarized earlier in Table 4(d) have been used
to compute values of LAX for takeoff, from the measured values of LAqu during

level flyover. These computed values are shown in Table 20 compared to the’

actual measured values of sound exposure level. As indicated in the Jast column by
the difference, & , between the measured and predicted values of sound exposure
level, the results are very encouraging for the 402C and T2I0N aircraft. The
average error is only 0.9 dB for these aircraft indicating that one should be able to
apply the above type of approximate conversion expression to relate maximum and
sound exposure levels for flyover and takeoff. Note that if the higher value (i.e.,
1.07 cited earlier) for the duration constant KI’ had been used in the above scaling
equation, the predicted values of sound exposure level for the 402C and T2I0N
aircraft would have been, on the average, approximately .| dB higher than
measured values, This suggests that a better approximation to the duration
correction constant K' would be somewhere in between 0.74 and {.07. However, in
the absence of a more complete analysis of available propeller aircraft flyby noise
signatures, the value of 0.74 for Kl derived from Figure 27 will be considered o
good initial approximation for now. Again, the exception to this agreement is the
cruise optimized fixed-pitch propeller aircraft,

18
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Table 20

lllustration of the Correlation Between Predicted and

Measured Values of Sound Exposure Level in Takeoff.
Predicted Values Based on Measwred Values of

Maximum Sound Leve! and Duration Correction Model

Leve! Flyover“) Takeoff Parameters L AX (T/0)
. . @ @ L@ H o Vi @ () g (6 D
Aircraft LAMax VT(I) Condit, H, VT(2) v Wiogr K K log v—_}-(—-") D Calc'” Meas. Fa\
dB(A) ft/sec ft ft/sec ft/sec d8 dB dB —dB(A)—
A 8 C D E F G (2] | K
402C 9.8 868 T/0 840 90! 192 1.5 167 +2.7 +5.21 89.2 90.2 1.0
T2I0N 79.5 908 T/0 643 942 174 3.8 175 +2.8 i.4] 9.5 91.8  +1.3
S/C 1,007 942 |74 0.1 175 +2.8 +%.4 .6 89.0 0.4
I172P 75.1 882 T/O 582 7193 131 4.7 18 1.5 +5.2| 77.5 B3.9 6.4
s/C 1,038 789 139 0.3 162 -1.8 J.7] .7 7900 - A4l

(1) Average level flyover noise levels, at 2.5 km position, corrected to 1,000 ft height) and average tip speed VT(I)
() Measured height, H2. tip speed, VT(Z)’ and airplane speed, V , during takeoff test

(3 K= 365log,  [Propelier Diameter/Blade Width of 0.8 rodiw ] - 268

(4 Duration Carrection = 10log,q [0.74 Hyv ] ,dB

(5) L,y computed from Col. A+ Col. F + Col. H+ Col. |

(6 L px measwred - reference volues measwred between 10 dB down points (from Table |8)

(D & = Difterence between Meosured and Calculated values of L

In summary, o reasonable method is provided for converting from
maximum sound level to sound exposure level for measurement of propeller-driven

small aircraft flyby noise signatures. The desirability of adopting the latter metric
is considered in the next section.
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4.3 Transition of Noise Certification Levels for Propeller Aircraft :

Propeller aircraft weighing more than 12,500 Ib are considered large
transport aircraft for which noise certification requirements in Appendices A, B,
and C of FAR Part 36 apply. The latter requirements differ from those in
Appendix F for small propelier aircraft in terms of the following major factors:

Measurement Positions
F light Procedures

o
o
o Correction Procedures
o]

M e A i el

Noise Metric

As a result of these differences, there is a discontinuity in the noise limits
for propeller dircraft relative to their gross weight maximum. While it is evident
that this discontinuity in ruling at the 12,500 Ib gross weight value can be

circunvented by judicious selection of design parameters by the manufacturing
industry, there is clearly a case for eliminating such a discontinuity. This is
especially true in advanced commuter aircraft concepts which fall close to a i
12,500 Ib weight and which may have significant beneficial design and efficiency i
features at risk depending on whether noise limits are to be based on Appendix F or
Appendix C.

For example, in a recent study of the applicability of advanced technology
to general aviation oircrof'r,su consideration was given to over 50 technologes
which could be applied to a six-passenger private/business aircraft and a 19-
passenger commuter aircraft. In the latter case, the optimum efficiency of j

advanced commuter aircraft designs incurred gross weight changes from 12,500 Ib
to 12,580 Ib, and from 14,000 Ib to 11,660 Ib, depending on design mission speci fi-
cations. Each of these changes involves a jump from one noise rule to the other.

Since such design optimization requires an extremely sensitive analysis of the
tradeoff between aerodynamic, structural, power system and market features,
discontinuities in noise rules at the 12,500 Ib maximum gross weight limit must be '
considered as incompatible with the goals of advancing aviation technology.

Consider, therefore, how this discontinuity in noise certification requirements

might be removed.

4.3.1 Differences in Measurement Positions and F light Procedures

The primary bases for differences in measwement positions and flight
procedures between Appendix F and Appendix C have already been discussed. It is
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desirable, however, to elaborate on why approach and sideline positions required

for Appendix C are not considered necessary for propeller-driven small aircraft.

The noise levels during approach of such aircraft are ordinarily well below
those on takeoff, with the possible exception of larger turboprop aircraft. Thus,
with this exception, there does not appear to be sufficient need to require an
approach noise certification measurement for propeller-driven small aircraft.
While sideline positions near general aviation airports may, indeed, receive
significant noise exposure during takeoff of propeller aircraft, there is a substan-
tial effort by the industry to develop prediction models to estimate such Ievels.55
Since takeoff tests are shown in this report to be applicable for most propeller-
driven aircraft, then it is not considered necessary to measure sideline levels
separately for propeller-driven small aircraft since such levels will simply be n
reduced reflection of the takeoff noise level. As the weight of the propeller
aircraft increases beyond the current 12,500 Ib limit, the following rationale
appears reasonable in considering alternative measurement positions:

o For propeller aircraft above 12,500 |b, require an approach measure-
ment, as specified in Appendix C, but at a position cleser to landing
threshold. A distance of | km (3,28] ft) from landing threshoid
would seem reasonable, as compared with 2km as used in
Appendix C.

o For propeller aircraft above 12,500 Ib, eliminate the sideline meas-
vrement, providing a takeoff noise measurement is made underneath
the flight path at a position well before any power reduction can be
employed. The 2.5 km position defined for propeller-driven small
aircraft should satisfy this latter requirement.

4.3.2 Correction Procedures

Procedures to correct measured noise certification levels for nonstandard

flight profiles should be similar to those employed now or as proposed herein.
] For propeller aircraft below 12,500 Ib, correct for:

- changes in spreading loss due to significant deviations in
takeoff path resulting from nonstandard takeoff performance

- changes in source level due to deviations from rated
propeller rpm.
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o For propeller aircraft above 12,500 Ib, in addition to the above,

correct for

- changes in air absorption loss due to significant deviations in

the takeoff or approach flight path from reference values.

4.3.3 Noise Metrics

Perhaps the most difficult aspect of the noise certification interface
between small and large propeller-driven aircraft is the change in the noise metric
(and corresponding limits) from maximum A-weighted noise levels in Appendix F to

effective perceived noise levels in Appendix C.

Based, in part, on the results obtained in this program, it has been
determined that just one noise metric — sound exposure level (i.e., time-integrated
A-weighted sound levels) - could be used for noise certification of all propeller
aircraft, regardless of weight. This is based on the following rationale:

o Current state-of-the-art in sound level measurements is well-
advanced and makes this measurement very straightforward and
readily accomplished without excessive instrumentation costs. Air-
frame manufacturers not presently equipped with such instruments
can rent them or hire qualified consultants without incurring instru-
ment purchase costs. Data analysis would certainly be much simpler
and less cost]y than with the use of the EPNL metric.

o The sound exposure fevel of single aircraft flyby events is g
necessary part of computing the composite noise index, day-night
average level, Ldn’ now widely used for defining community noise
impact. For general use in constructing curves of sound exposure
level versus distance, a different algorithm would be required to
define duration corrections at large distances where air absorption
losses will make the linear time-scaling model employed here for

noise certification measurements no longer valid. However, the
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latter would still be useful to provide baseline values for sound
exposure level which could then be extrapolated to larger distances
with  a  suitable nonlinear time-scaling model (e g.,
o 6 log Distance)) such as currently being considered for noise vs
slont distance data for jet aircraft.

The vast majority of dircraft in the propeller aircraft fleet have
gross weights below 12,500 b and, as considered in Appendix D of
this report, are believed to generate approximately 50 percent of
the total noise impact created by all general aviation aircraft. Of
the remaining 50 percent, the vast majority of noise impact will be
generated by business jet aircraft leaving only a small portion
attributable to propeller-driven large aircraft. Thus, any possible
lack of precision in the certification noise metric applied to large
propeller aircraft is considered an acceptable trade for measure-
ment simplicity.

Awvailable datg, such as summarized in Table 21, does not indicate an
overwhelming basis for rejecting sound exposure level as a reason-
able measure of human response to propelier aircraft noise. The
data in Table 2! are based on the results of Qllerhead on subjective
noise rating scales for piston and turboprop qircrof1.56 He
examined the relative accuracy of various noijse metrics for evalu-
ating humon response to recorded flyby test sounds from 34 piston
aircraft ond 31 turboprop aircraft. The relative accuracy is
measured by the standard deviation of the difference between the
objective (eg., sound exposure level) and subjective (judged
noisiness) measures of the test sounds. Although sound exposure
level is shown, by these results, to be the least accurate of the
metrics evaluated, the difference between the least and most
accvurate is not large.
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Table 2|

Relative Accuracy of Various Noise Metrics in Judging the
Noisiness of Propeller Aircraft Sounds

(Data from Ollerhead, Ref. 56)

o, Standard Deviation in Predicted Noisiness, dB

. . o
Noise Metric —> LAMox Lax PNL IPNL PNLT EPNL

34 Piston A/C 2.3 2.7 2.0 1.8 2.6 2.1 ]
31 Turboprop A/C 3.5 3.4 2.8 2.4 3.2 2.7
All Combined 2.9 3.0 2.4 2.1 2.9 2.4

'Time-lntegroted PNL

o Finally, as illustrated in Figure 29, data on estimated or measured
values of sound exposure level at [,000ft for propelier aircraft,
plotted as a function of total shaft horsepower, suggest a continuous
and reasonably smooth transition from small to large aircraft. This k

type of plot can also be considered as roughly representing the
relationship between sound exposure level and maximum gross j
weight since the latter is closely correlated with engine
horsepower.6

4.3.4 Conversion of Effective Perceived Noise Level to Sound Exposure Level

As a final part of treating the fransition problem between small and large
aircraft, it is desirable fo consider what would be the net change in present

certification levels for large propeller aircraft upon being converted to sound
expasure level, One example of such a conversion is illustrated as follows.

According to Appendix C of FAR Part 36, for Stage [il aircraft, the i
minimum noise limit on takeoff is 8% EPNdB, effective at a gross weight below
44,673 1b for aircraft with more than three engines (or below 106,250 Ib for
aircraft with fewer than three engines). This level is measured at a distance of
6.5km (21,325 ft).

Assuming a typical large propeller aircraft with a maximum takeoff
weight of 45,000 Ib, a takeoff distance, DSO' of 4,000 ft, and @ nominal climb angle
of 6 degrees, the aircraft's height at 2.5km and 6.5 km from brake release would
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be about 490 ft and 1,870 ft, respectively. The difference in EPNL at these two

positions would be expected to be about 7 dB so that the EPNL at 2.5 km would be
about 89 +7 =96 EPNdB, Correcting for the difference in reference time
() second vs 10 seconds) between Lax and EPNL, assuming a 2 dB tone correction
in EPNL and applying a typical correction of -13 dB between A-weighted levels
and perceived noise levels, the approximate sound exposure level at 2.5 km can be

estimated as follows:

Baseline EPNL @ 6.5 km = 89 EPNdB
Correction for Difference in Height = +7
Correction for Difference in Time Ref. = +10
Eliminate Tone Correction -2
Correction for Weighting Function -13
Estimated Lax @2.5km = 91 dB

The data shown earlier in Figure 28 for the estimated values of sound exposure
level at 2.5 km under the takeoff path for representative propeller-driven small
aircraft indicates that this value of 9| dB, projected downward from the EPNL for

large propeller aircraft, would be quite consistent.

Thus, as suggested by this very simplified example, it should be possible to
remove the existing discontinuity between Appendix C and Appendix F limits for
propeller aircraft by adopting a single noise metric, LAX’ measured under the
takeoff flight path at 2.5 km without changing the effective constraint placed on
the allowable source noise levels by either of the current regulations.

Airplane manufacturers would, of course, be able to make reasonable
estimates of their anticipated compliance with any such new regulation by
employing the type of analysis outlined above but using the much greater precision
possible with their own more detailed data bases.

This section should not be ended without acknowledging the many other
studies on revising current propeller aircraft noise certification procedures.u These
include considerations of takeoff tests, such as discussed here, use of sound
exposure level, use of level flyover and takeoff tests (with allowed trades), and
more complex schemes for defining weight and aircraft type categories for noise
certification.




4.4 Changes in Noise Level Limits

The preceding onalyses have considered the use of a takeoff test
procedure for propeller-driven small aircraft (except cruise-optimized fixed-pitch
propeller aircraft) and the measurement of the sound exposure level at a position
2.5 km from brake release using the 1.2 m microphone height.

4.4.1 Noise Limits Excluding Cruise-Optimized Fixed-Pitch Aircroft

Based on the predicted values for this noise level shown earlier in
Figure 28, and the discussion on the potential for noise reduction through applica-
tion of future technology, the following rationale was used to select possible noise
certification levels based on these concepts. These levels, illustrated in Figure 30,
are intended to be applicable only to other than cruise-optimized fixed-pitch

propeller aircraft.

I. Stage 0 certification levels allowing all current aircraft to pass,
under this new procedure, would consist, as shown, of an upper
bound to the data in Figure 30.

2.  Stage | certification levels, corresponding to noise levels attainable
with currently available technology without the use of the MNOP
power reduction approach, would consist of an upper bound for the
latter type of aircraft. As indicated in Figure 30, this corresponds
to a line about 4 dB below the Stage O levels.

3. Stage 2 certification levels would represent an anticipated further
reduction of 6 dB in Stage | levels — attainable now by a very few
models but expected to be achievable by all new models of the
propeller-driven small aircraft fleet upon application of the future
technology outlined in Section 3. Timing for the imposition of such
levels would necessarily have to reflect the need for the further
research and development called for.

4.4.2 Noise Limits for Cruise-Optimized Fixed-Pitch Aircraft

For cruise-optimized fixed-pitch propeller aircraft, the takeoff test is not
necessary. The current level flyover test appears to be the only practical test
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procedure suitable for such aircraft. However, sound exposure jevel could be
adopted in the future as the preferred, but possibly optional, noise measurement
metric to provide consistency throughout the propeller aircraft fleet. Thus,
reasonable Stage | noise certification levels for such aircroft, in terms of sound
exposure level, could be defined by simply applying the type of duration correction
outlined earlier to existing noise certification measurements specified in terms of

maximum noise level.

For example, based on this program, the Cessna |72P aircraft has a
maximum gross weight of 2,400 Ibs and a corresponding noise certification limit for
the maximum noise level at 1,000 ft of 68 + (2400-1320)/168 = 74.4 dB(A).! Based
on the flight performance observed for this aircraft in level flyover at 1,000 ft
(i.e., average flight speed of about 200 ft/sec), the corresponding sound exposure
level limit would be about

Lay(imit) = 744+ 101og,, [o.7a-|000/200]
~  80.1 dB(A)

or roughly 6 dB above the present noise certification limit expressed in terms of
maximum sound level. A Stage 2 noise limit could follow the same logic as for
varable pitch propeller aircraft — namely, a 6 dB reduction below Stage | limits.

4.4.3 Summary

The net effect of such an evolution in noise certification limits would
tend to reduce takeoff levels of the noisiest aircraft currently in the fleet by 10 dB
aond reduce by about 6 dB the maximum levels generated by the quieter aircraft in
the fleet which now do not require any use of power limitations to pass current
noise certification rules. The net change on the noise impact around general
aviation airports dominated by propeller aircraft would be very substantial. The
total area enclosed by the noise contours around such airports would be expected to

reduce by 5 to 7 times.
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5.0 CONCLUSIONS AND SUMMARY

An analysis of noise reduction technology that can be applied to propeller-
driven small aircraft has indicated the following:

The existing FAR Part 36 Appendix F regulation has been effective in
ensuring that available noise control technology has been applied to the
noise-certificated portion of the current fleet of propeller-driven small

airplanes.

The level flight flyover test procedure, as required by the existing
regulation, has been adopted by the industry as the sole means of
optimizing design parameters to meet noise reduction requirements.
The concept of MNOP (Maximum Normal Operating Power) has evolved
as a means of meeting noise limits in cases where available noise

reduction technology is otherwise inadequate for the level flyover tests.

Assessment of current technology indicates that while further noise
reductions may be achievable for some aircraft models, it is not
sufficiently versatile o accommodate a change in noise limits (for all

new aircraft) at this time.

Propeller design technology has received significant research effort
during the past 5 years. This research indicates that a change from the
current designs to advanced airfoil and optimized planform propeller
blades will lead to improved aerodynamic performance, reduced fuel
consumption, and reduced retail costs of propeller-driven aircraft. The
potential for noise reduction of future aircraft can be achieved by
utilizing this improved aerodynamic performance in an optimization
process which includes noise limitation as a primary constraint. A 5dB
reduction in current noise limits has been projected to be a practical
future objective, based on current flyover test procedures.

Flight tests were conducted to evaluate new possible noise certification test

procedures. The following summarizes the results of this evaluation:

0

Propeller aircraft not equipped with cruise-optimized fixed-pitch
propeliers tend to generate higher noise levels during takeoff than
during level flyover at power settings currently specified for noise
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certification. (Results from the unique series of tests indicate that this
difference is predictably related to changes in the rotational, and not
helical, tip speed of the propeller.) Therefore, takeoff noise tests may

provide a more stringent measure of aircraft noise.

o) The models reported herein to account for source level changes due to
rotational tip speed of the propeller, and to predict duration corrections
at distances typical of certification measurements, provide the foun-
dation for allowing measured sound levels on takeoff or level flyover to i
be correlated and converted from maximum sound level to sound ‘

exposure level or vice versa.

o The use of the time-integrated A-weighted noise level (i.e., sound
exposure level) is applicable as o universal metric for noise certifi-

cation of all propeller aircraft, regardiess of gross weight. This change

would provide the principal basis for eliminating the current cumber-

some discontinuity in noise certification requirements at the 12,500 Ib
gross weight limit between small and large propeller aircroft.

o Practical takeoff noise limits for future technology propeller-driven
small aircraft can be set at least 6 dB below current state-of-the-art
noise limits and (0 dB below levels generated by the noisiest small
propeller aircraft in the fleet today.

Consideration of the sound exposure level metric should be based on its ease
of measurement with existing instrumentation, its consistency with the currently

applied composite noise metric, day-night average noise level, Ldn’ and its
svitability as a reasonable predictor of human response to noise, not unlike the

EPNL noise metric currently used for all large jet and propeller aircraft.

Further effort would be required in order to refine the concepts outlined
herein before they can be incorporated into noise regulations. However, the
overall impact of their application should simplify noise certification procedures
ond assist in motivating the development of economically reasonable and tech-
nically feasible advances in further noise reduction of propeller-driven small
aircraft., Adoption of a single noise metric for all propeller aircraft, such as

discussed herein, can also be expected to provide a positive influence for
stimulating environmentally~-compatible growth in that part of the aviation market
near the current interface of 12,500 Ib gross weight between small and large

propeller aircraft.
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APPENDIX A

Federal Aviation Requlations, Volume |ll, Part 36
(Noise Standards: Aircraft Type and Airworthiness Certification)

"Noise Requirements for Propeller-Driven Small Airplanes"

The following copy of FAR Part 36 Appendix F is presented for reference ,
purpases in relation to the contents of this report. This copy should not be used for
any other purposes nor should it be considered to contain all relevant amendments.




Appendix F

Noise Requirements for Propeller-Driven-Small Airplanes

PART A—GENERAL

§ F36.1 Scope. This appendix prescribes
limiting noise levels. and procedures for meas-
uring noise and correcting noise data, for the
propeller driven small airplanes specified in
$36.1.

PART B—NOISE MEASUREMENT
§ F36.101 General test conditions.

(a) The test area must bLe relatively flat
terrnin having no excessive sound absorption
characteristics such as those caused by thick.
matted. or tall grass, by shrubs, or by woaded
areas. No obstructions which significantly in-
fluence the sound field from the airplane may
exist within a conical space above the nieasure-
ment position, the cone heing defined by an
axis normal to the ground and by a half-
angle 75 degrees from this axis,

(b) The tests must be carried out nnder the
following conditions:

(1) There may be no precipitation.

{(2) Relative humidity may not he higher
than 90 percent or lower than 30 percent.

(3) Ambient temperature may not be
above 86 degrees F. or helow {1 degrees F.
at 33" above ground. If the measurement
site is within 1 n.m. of an airport thermom-
eter the airport reported temperature may
be used.

(4) Reported wind may not e above 10
knots at 33’ above ground. If wind velne-
ities of more than 4 knots are reported. the
flight direction must be »ligned to within
+15 degrees of wind direction and flights
with tail wind and head wind must be made
in equal numbers. If the measurement site

PART %
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is within 1 n.m. of an airport anemonieter.
the airport reported wind may he used.

(5) There may be no temperature inver
sion or anomalous wind condition that would
significantly alter the noise level of the air-
plane when the noise is recorded at the re-
quired measuring point,

(6) The flight test procedures. measuring
equipment. and noise measurement Jiroce
dures must be approved by the FAN.

(7) Sound pressure level data for noise
evaluation purposes must be obtained with
acoustical equipment that complies with
3F36.102 of this appendix.

§ F36.103 Acoustical measurement system.

The acoustical measnrenient system must con-
sist of approved equipiient equivalent to the
following:

(a) A microplone system with frequen:y
response compatible with measurement and
analysis system accuracy as prescribed in
$ F36.105 of this appendix.

(b) Tripods or similar microphone mount
ings that minimize interference with the sound
being measured.

(¢) Recording and reproducing equipment
characteristics, frequency response. and dv-
namic range compatible with the response and
accuracy requirements of § F36.105 of this ap.
pendix.

(d) Acoustic calibrators using sine wave or
broadband noise of known sound pressure
level. If broadband noise is used. the signal
must be described in terms of its average and
maxinnm root-mean-square (rms) valie for
nonoverload signal level,
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41 NOISE STANDARDS  ATRCKRAFT 1Y’}

§ F36.105 Sensing, recording, and reproduc-
ing equipment.

(a) The noise produced by the airplane
must be recorded. A magnetic tape recorder
is acceptalle,

L) The characteristies of the sv=tem must
comply with the recommendations m Inter-
national Electrotechnical Commis~ien (TEC)
Publication No. 179 entitled “Precision Sonnd
Level Meter=" a< incorporated by refevence in
Part 36 under $36.6 of this Part.]

(¢) The response of the complete sy~tenr to
a sensibly plane progressive sinusoidal wave
of constant amphlitnde must he within the
tolerance limits specitied 1 1EC Publication
No. 179, dated 1973, over the frequency range
45 1o 11200 Haz.

(d} H limitations of the dynaniie ranee of
the equipment make it necesary. high fre.
quency  pre-emphasis mnst be added 1o rhe
recording channel with the converse de-en-
phasis on plavback.  The pre-emphasis must
be applied such that the instantaneous recorded
sound pre<sure level of the noise <ignal hetween
00 and 11200 Hz does not vary more than
20 dB between thie maxtmm and mininm
one-third octave bands,

(e) If requested by the Ndministrator, the
recorded noise signal ruust be read through
an A7 filter with dyvnamic chinracteristics des-
ienated “~low.” as defined in TEC Publication
No. 178, dated 1973, The output signal from
the filter mnst he fed to a rectifyving eirenir
with square faw rectification. intecrated with
time constants for charge and divharge of
about 1 secomd or S0 milliseconds,

(fy The equipment must be acoustically eali-
brated using facilities for acoustic free-field
calibration and if analysis of the tupe record-
ing is requested by the Administrator. the
analysis equipmient shall e electronically eali-
brated by n methad approved by the AN,

(g) A windsereen must he emploved with
the microphone during all measurements of
aireraft noise when the wind speed is in excess
of G knots.

CAND ATRWORTHINESS CERTIFICATION  PART 3¢

§ F36.107 Noise measurement procedures.
(a) The microphones must be oriented m a
known direction so that the maxinu sound
received arrives as nearly ax possible in the
direction for which the microphones are caly
brated. The microphone sensing  elements
mst be approxinately 17 above ground.

() Timmediately prior to and afrer each
test, a recorded acous=tic cal:bration of the sy«
tenn must be made i the field with an acoustie
calibrator for the two purposes of chiecking
evstem gensitivity and providing . acoustie
reference level for the analvais of the sonnd
level data.

(¢} The ambient noie, imcluding hatl acons
tical backgronnd and electrical noise of the
measurement systems. st he recorded und
determined in the tesi area with the svstem
s set at levels that will he used for aireraft
noise mea-nrement~. I ajverafr sonnd pres
<ure levels do not exeeed the hachoround sonnd
pressure levels by ar lea<t 1o dB e\ ) approved
corrections for the contribution of hackgronnd
<ound pressure level 1o the observed sound
pre-sure level must be applied.

§ F36.109 Data recording, reporting, and
approval.

(a) Data representing physteal measure
ments or corrections to measured data must be
recorded in permanent form and appended to
the record except that corrections to measure.
ments for nornnl equipment response devia-
tions need not he reported. Al other correc
tions must be approved.  Estimates must he
made of the individual errors inherent in eacl
of the operations emploved in obtaining the
final data.

(b) Measured and corrected sound pressure
levels obtained with equipment conforming to
the specifications described in § 26100 of thas
appendix must be reported.

(c) The type of equipment n=ed for meu~
urement and analysis of all aconstical, airplane
performance. and meteorological data must he
reported.

(d) The following atmospheric data. meas
ured immediately before, after. or dwring each
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PART 3¢ APPENDIX F 30

test at the observation points prescribed in
§ F36.101 of this appendix must be reported:
(1) Air temperature and relative hu:
midity.
(2) Maximum. minimn, and  averaye
wind velocities.

(e) Comumnents on local topography. gronnd
cover. and events that might interfere with
sound recordings must be reported.

(f) The following airplane information
mnst he reported :

{1) Type. model and serial numbers (if
any) of airplanes. engines, and propellers,

(2) Any  modifieations  or nonstandard
equipment likelv 1o affect the noise char
acteristics of the airplane.

(3) Maximum certificated takeoff weigzhis.

(41 Airspeed in knots for each overflight
of the measuring point,

{3) Engine performance in terms of rev.
olutions per minute and other relevant
parameters for each overflight.

(6) Aircraft heirht in feet determined
by a calibrated altimeier in the aiveraft. ap-
proved phatographic techniques, or approved
tracking facilities,

1) Aireraft speed and position and engine
performance paraneters must be recorded at
an approved sampling rate sufficient to ensure
compliance with the test procedures and con-
ditions of thix appendix.

§ F36.111 Flight procedures.

(a) Tests to demonstrate compliance with
the noise level requirements of this appendix
mnst inclnde at least six level flights over the
measuring station at a height of 1.000 =30
and =10 degrees from the zenith when passing
overhead.

{b) Each test over flight must be can-
ducted-—

(1) At not less than the highest power
in the normal operating range provided in
an Airplane Flight Manual. or in any com-
bination of approved manual material. ap-
proved placard. or approved instrument
markings: and

(2) At <tabilized speed wulo propefler
synehiromzed and with the anplane v crose
conficuration. except that f the spec! m
the power <etting prescribed g thi- para:
graph wonld exeerd the maxeoms specd
anthorized i level thebo, aecclerane] sheln
is accepralile.

PART C—DATA CORRECTION

§ F36.201 Correction of doto.

(ad Noi=e data obtaired wWaen toe tenipera-
ture i~ outside the range of 6~ desrees 10 -0
degrees F.. or the relative Joinid iy o helow
40 percent. must be corrected 10 7T degrees FL
and 70 percent relutive huredliny by o methad
approved by the AN,

(b)) The perfornunee correc tion preseribaed
in paragraph ey of thas sootio e be el
It mu<t be determined by the metied de
seribed o this appond ' and must be addes
algebratendly 1o the measured vadlue. Jroos
limited to 5 AR\ ).

() The perfory e corvection mmst fe
computed by using the followie fornala,

et - R C-0
] (T TTRTE YR s
\.
Where:
D. = Tukeot! dictance to 2o feer at maximmng
certificated tiukeott weight,
R C=Certiticated bt yvate of o)ond BTN
YV, =Npeed for hest rate of clinh in the sane
units a~ vate of b,

(d) When takeot! distance af 20V g0 ot
listed as approved performmec infornaten,
the figures of 2000" fur <ingleengime air-
planes and 25007 for mnit-engine airplanes
must be used,

§ F36.203 Volidity of results.

(n) The test resnht~ nu<t produce an aver-
age AB (A and it 20 pereent confidenee Linats,
the noise level being the aritlnnetic average
of the corrected acoustieal rwasinements for
all valid test runs over the mwearuring puint.
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(b) The samples must be large enough to
establish statistically a 90 percent confidence
limit not to exceed =1.0 d13(.\). No test re-
sult may be omirted from the averaging
process. unless omission is approved by the
FAA.

PART D-—NOISE LIMITS

8 F36.301 Aircraft noise limits.

(a) Compliance with this section must be
shown with noise data measured and corrected
as prescribed in Parts 13 and C of this ap-
pendix.

(b) For airplanes for which application for
a tvpe certificate is made on or after October
10. 1973, the noize level must not exceed 68
dB(A) up to and including aircraft weights
of 1320 pounds (600 kg.). For weights
greater than 1.320 pomuds up to and including
3.630 ponnds (1.650 kg.) the limit increases
at the rate of 1 dB 165 pounds (1 dB 75 kg.)
to 82 dB(A) at 3.630 pounds. after which it
is constant at 52 dB(A) up to and including

12.300 pounds. However. airplanes produced
under tvpe certificates covered by this para-
graph must also meet paragrapl: (d) of this
section for the original issuance of standard
airworthiness certificates or restricted category
airworthiness certificate- 1f those airplane«
have not had flight time before the date speci-
fied in that paragraph.

(¢) For airplanes for which application for
a type certificate is made on or after January
1, 1975, the noise levels may not exceed the
noise limit curve prescribed in paragraph (b)
of this section. except that K0 dI3(A) may not
be exceeded at weights from and including
3.300 pounds to and including 12500 pounds.

{(d) For airplanes for whicl application is
made for a standard airworthiness certificate
or for a restricted category airworthiness cer-
tificate. and that have not had any flight time
before January 1, 1950, the requirements of
paragraph (c¢) of this section applyv. regard
less of date of application, to the original issn
ance of the certificate for that airplane.
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APPENDIX B

Description of Procedures and Results of
A Demonstration Flight Test Program Performed to
Ewvaluate Noise Level Measurement Methods

8.1 Introduction

A demonstration flight test program was performed by Cessna Aircraft
Company and Wyle Laboratories on September 14, 1981, at Sunflower Airfield,
Hutchinson, Wichita, Kansas. This program was designed to investigate the
viability of a takeoff test method for noise certification of propeller-driven small
airplanes and to evaluate methods of measuring noise levels in terms of various

noise mefrics.

Three aircraft were utilized in the test program. These aircraft were

supplied and operated by Cessna Aircraft Company and comprised:
o A Cessna Model 402C, twin reciprocating-engined aircraft,

o A Cessna Model T2I0N, single turbocharged reciprocating-engined
aircraft.

o A Cessna Model [72P, single reciprocating-engined aircraft.

Design and performance information for these aircraft is contained in Table B-1 of
this appendix.

The tests were performed as closely as possible in accordance with the test
plan described in Section B.2 of this appendix. Variations from the test plan were
caused by delays in commencing the |-day program due to heavy ground fog at the
airfield, intermittent failure of radio transceivers at the test site, and failure of
one microphone preamplifier (which could not be replaced without further delay of
the compressed flight schedule).

A total of 35 flight tests were performed during the program. Sixteen of
these flights were level flyover tests at conditions which simulated the current
FAR Part 36 Appendix F test requirements, 14 flight tests were takeoff operations
from a brake release marker on the main runway, and five tests were simulated Vy
(best rate of climb) climbout operations with an objective of attaining a height of
1,000 ft above a primary noise measurement station.
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As described in the test plan, flyover noise dota were recorded on a
two-channel Nagra IV SJ at each of two primary noise measurement stations,
located at 2km (6,560 ft) and 2.5km (8,200 ft), respectively, from the brake
release marker and on the extended centerline of the runway. These recordings

were of noise histories measured at two microphone heights (1.2 m and 10 m) at
each primary station. In addition, direct-read instrunentation was used to obtain
field measuwements of LAMox’ LAX’ Leq’ and Integration Time from the I0m
height microphone data at each noise measurement station (corresponding to
channel | records on each recorder, as identified in the Data Logs shown in
Section B.2 of this appendix).

Subsequent laboratory analysis of the records obtained from the 1.2m
height microphone was performed using the same evaluation method (that is, by
means of direct-read instrumentation) but with the added benefit of having time
histary traces of each record prior to the evaluation. All data acquired during the ;
field test and subsequent analysis programs are shown in Section B.2 of this

appendix.

A review and discussion of the procedures and results of the flight test
program is presented in Section 4.2.1 of this report.
B.2 Test Plan

Pages B-4 through B-13 contain the Test Plan developed specifically for :
the flight test demonstration and noise measurement program. The contents of the
test plan are as follows:

Page
1.0 PURPOSE B-4
2.0  GENERAL DESCRIPTION B-4
3.0 FIELD TEST REQUIREMENTS B4
40  ACOUSTIC MEASUREMENT EQUIPMENT B-6 i
50  FLIGHT PROCEDURES B-7 ?
60  TEST PROCEDURES B-8 J
7.0 DOCUMENTATION B-10
8.0  MEASUREMENT EQUIPMENT AND STAFF ALLOCATIONS B-11

B-3
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- o noise data recording engineer
Equipment ot this site will comprise:

- One BSK 2203 Sound Leve! Meter 1
- One B&K 4134 (1/2-inch) Microphone and Adaptor 1
- One Nagro IV 5J Tape Recorder

- One 1.2 m microphone support stand ]
- One microphone windscreen

- One B&K 4230 Calibrator

- Batteries and Magnetic Tape

- Data and Record L og Sheets 3
- Cable connection from BAK 2203 output to Nogro IV $J input 3

8.1.3 Meteorological Data Station

This site will be located near the airfield runway.
Equipment will comprise:

- One suitable 10 m height meteorological station capable of providing
datain accordance with Sectiors 3.3 and 6.3(d) of the test plan

- Data Ll og Sheets
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B.3 Test Data

The following test data were obtained during the flight test demonstration
program:

Table B-2 summarizes the meteorological data measured at Sunflower
Airfield during the flight test program.

Table B-3 (4 sheets) comprises facsimile copies of Aircraft Data Sheets as
used by the flight crew of each aircraft during the tests.

Table B-4 (10 sheets) comprises the Test Data Logs used at each primary
noise measuring station, That is:

Sheets |-4: Data obtained at Measurement Station ("Alpha") at 2.0 km

from the runway brake release marker.

Sheets 5-10: Data obtained at Measurement Station ('Baker”) at
2.5 km from the runway brake release marker.

Each of these Test Data Log Sheets shows the time of day, run number,
aircraft type, and flight profile for each flyover test. Photographic records are
identified in the Test Log by the flight number and the estimated aircraft height
over the measurement station, as scoled from each Polaroid photograph.
Recording data, shown in the test logs, refers to Nagra IV SJ Attenuator Settings
as described in the footnotes to each log sheet. A column in each log sheet shows
the input calibration sound pressure level (where appropriate) and/or the type of
Integrating Sound Level Meter used to obtain the direct-read noise data from
Channel | (10 m height microphone). One B&K 2218 sound |evel meter was used at
the 2.0 km (Alpha) station, whereas at the 2.5 km (Baker) station, B&K 22i8 and
GR 1988 sound ievel meters were connected in parallel to provide separate noise
level readings from the 10 m height microphone input to Channel | of the Nagra.

The noise data shown in each of these Test Log sheets represent the levels
read directly in the field from the sound level meters after accounting for system
attenuator settings. These direct read wvalues are subsequently verified by
laboratory analysis of the data simultaneously recorded in the field through the
same microphone. A Bruel & Kjaer 2218 Integrating Sound LLevel Meter was used
for this laboratory analysis. These data were measured in occordance with the
procedures specified in Section 6.2 of the Test Plan (Section B.2 of this appendix).

-




Table B-5 (10 sheets) comprises the same Test Data Log format as was
used in the field measurement program. However, the data shown in Table B-5 was
obtained by subsequent laboratory analysis of the tape-recorded Channel | (1.2 m
height microphone) time histories. A Bruel & Kjaer 2218 Integrating Sound Level
Meter was used for data evaluations in all of these cases.

Sheets 1-4 of Table B-5 apply to recordings obtained at 2km from the
brake release marker ("Alphda"), and

Sheets 5-10 apply to recordings obtained at the 2.5 km station ("Baker").
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Table B-2

Meteorological Data

Date: 9/14/81 Test Site: Sunflower Airfield
Station Barometric Presswe: 28,30 in. Hg Station Hp: 1500 ft
Wind @ 30 ft Wind @ 1.2 m Temp. CF)
Rel.
Flight Vel. Dir. Vel. Dir. Hum,
No. Time (mph) (deg) (mph) deg) X ft i2m (%)
| 1126 7 030 5 030 71 77 64
2 1135 8 030 7 030 73 78 6l
3 1140 9 030 5 030 7 79.5 59 |
4 1145 6 030 6 030 74 80 58 ;
5 1168 6 030 3 030 73 80 58 4
6 1152 5 030 3 030 75 81.5 55 J
7 1156 I 030 8 030 74 8l 56
8 1159 3 030 6 030 76 8 56 ‘
9 1203 8 030 8 0% 4 8l 56
10 1401 T 030 7 0% 77 8l 56
I 1408 7 030 2 030 76 83 48
12 1415 3 030 6 030 77 83 48
i3 1421 4 000 0 000 77 84 48
14 1428 2 000 0 000 79 84 48
15 1634 8 000 4 000 79 85 48
16
17 1525 5 045 5 045 79 84 48
18 1532 6 045 3 045 79 84 48
19 1538 5 045 7 045 79 83 48
20 1613 " 030 9 030 78 83 44
2i 1616 (" 045 9 045 78 83 4l
2 1619 6 045 6 045 78 83 44 i
yx} 1628 " 045 9 045 78 83 44
3
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Table B-2 (Continued)

Wind @ 30 ft Wind @ 1.2 m Temp. (°F)
Rel.
Flight Vel. Dir. Vel. Dir. Hum.
No. Time  (mph) (deg) (mph) (deg) 0 ft 1.2 m (%)
24 1637 1 030 9 030 78 83 L4
25 1641 9 045 6 045 79 83 44
26 171 8 030 8 030 79 83 44
27 i716 10 045 10 045 79 83 4]
28 1721 9 045 6 045 79 83 4)
29 1725 8 045 6 045 79 83 41
30 1739 1| 045 10 045 79 83 41
3i 1743 i 045 7 045 79 83 43
32 1745 i 045 é 045 79 83 43
33 1749 I5 045 10 045 79 83 43
34 1801 7 030 5 030 79 83 42
35 1807 10 045 8 045 79 83 42
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Toble B-4
Flight Test Program of Sunflower Airfield, Kowas

Date: 3/1ABI Dato Anolpsis Log {doto recorded from (0 m M microphanes) M
Measwement Station: Alpha @ 2.0 km Yape No: A-| SLM Type: BAK 2218
Mic. Yypes: (1) 4134 (D 41%
Test Decription Photogrophic Recording Cd.‘ Direct-Reod Data (Chome! 1)
Run Aircraft Prrtz'l'e Pl'fc')'f E":' ‘:m ' Tope 27\)‘ ;;:) ‘L;:) “‘?:v?:
Time No. Type TS No. (1) G " v SLMm h s hours
1012 Cal. - - - - 60 0 o 9% dB (10a) B8AK 2218
1126 1 402 C LNo. 1 36 60 20 0 BAK - - - 0I10n
i 135 2 402C LiSo. 2 933 60 2 0 2218 78.0 638 68.7 .008 h
{ 1140 k] 402 C L No. 3 1068 60 20 0 2218 7.0 ®.7 66.1 015h
: 1168 [y 402C L5o. 4 %8 60 20 O 2218 1.0 8.4 67 .007 h
! 1148 5 402 C L No. ] 024 6 2 0 2218 78.5 8.2 610 Olah
jg 1152 6 &402C LA5o0. é 1008 60 20 0 2218 7.5 836 61.0 012h
| nse 7 w02C  LMo. 7 9% 6 2 0 2218 7190 &0 667 .05k
1159 8 402 C L/50. 8 1012 60 20 0 2218 78.0 83.3 68.3 .008 h
1203 9 402C L No. 9 1041 60 20 0 2218 77.0 8.6 66.8 013h
1401 10 502C TMNo. 10 - 60 20 0 2218 85.0 9.4 na .020 h
1408 11 402 C T MNo. ] 619 &0 20 0 2218 84.0 90.5 71.8 0210
Note: Flight Profiles: T - Tokeoff, L -Level Flight, S - Simulated Climbout/Direction; No. - North, So.- South
Attenwotor Settings: G - GainSelector (40, 60, or 8) dB)

M - Main Attenuator (10 dB increments) Nogra - Chonnels | and 2
V - Vernier Attenwator (| d8 increments)

Calitration: Input Colibration |_evel (dE% or SLM type. as appropriate.

Flight Test Progrom ot Sunflower Airdidd, Koss

Dote: /181 Dota Arolysis Log (dato recorded from [0 m ht microphones) Sheet 201 10
Meosurement Station: Alpha @ 2.0km Tope No.: A-1 SLM Type: BAK 218
Mic. Types: (1) 4134 (D83
Test Deascxiption Photograghic Recording Cd. Direct-Reod Data (Chomne! 1)
Run  Aircroft PF .2"'.}2 Pl':.b'." Eh? As"::.uv:;.° ' T® Lo Lo Leg "‘?a:?e'
Time No. Tpe  TAA  Ne. ) o ., st SEA dBA gma L,
ials 12 402C TMNo. 12 53 60 2 0 2218 85.0 9%0.8 72.5 018k
- Cdl. - - - - 0 k) 0 %udB  (104) - - Cd.
1824 13 802C TNo. 13 €76 €@ 2 o 8K 06O »M8 N2 020 h
1428 1} a02C TMNo. 14 618 €0 20 0 218 825 8.6 0. .02t b
1838 15 802C TNo. 15 $09 @0 20 o0 p{1 85.0 9N.I n 021 h
1520 1 T210N TNo. - - - - - - - - - -
1525 17 T210N TMNo. 17 &41S €0 20 o 218 890 98 M6 006 b
1532 18 T210N TNo. 18 A5¢ 60 20 o0 218 8.5 9.2 n.o Ol h
1538 19 T210N TNo. 9 kL €@ 20 0 218 8.0 NBs NI 01K
1613 0 T210N LNo. 2 1080 0 20 0 2218 770 830 7.0 o1 h
1616 b} T210N LBo. 2 1037 6 20 o0 2218 %5 8.5 665 008 h
1619 22 T210N LMNe. n 1097 €@ 20 0 he41 ] N0 M8 5.4 DiSh
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Toble B-4 (Continued)

Flight Test Program at Sunflower Airfield, Kowas

Data Anolysis Log (dota recorded from (0 m ht microphones) Sheet 3 of 10
Date: 9/18M1
Meosurement Stotion: Alpho @ 2.0km Tape No.: A-2 SLM Type: BAK 2218
Mic. Types: (1) 4134 (D 413
Test Description Photographic Recording Cd. Direct-Read Dato (Chorvel 1)
Flight Photo Est. Atternotor Tope L L L Integ.
Run  Aircroft  Profile  1.D. . Setting d;:’,‘ 4R aBn Time
Time  No. Type s No. ¢ M v SLM BAY o hows
1622 23 T210N L/fSo. 23 1047 60 20 0 2218 - - - -
1637 24 T2I0N SMNo. 24 783 - - - 218 - - - -
Flight Test Program ot Sunflower Airfidd, Kos®
. . Shee' 4 of 10
Data Anclysis Log (data recorded from 10 m h microphones) —
Date: 9/14/81
Measurement Station: Alpha @ 2.0 km Tope Now: A-2 SLM Type: 84K 2218
Mic. Types: (114134 (D Fauty
Test Dmcxiption Photographic Recording Cd. Direct-Reod Data (Chorel 1)
Fiight Photo Est. Atternator Tape L L L ineg.
R Aireroft  Profite  LD. h, Settings aa A BN Time
Time No. Type TAB No. (1)} G ~ v SLM h = hours
1641 25 T2i0N SMNo. 25 ¢ 0 2 0 BAK @5 8.7 73.3 DA
i 26 ne TNo. 26 401 (2] 0 0 2218 7.5 85.6 69.3 Ol h
176 27 me TNo. 2 457 60 0 0 2218 76.5 849 67.9 0I13h
1724 28 Ine TMNo. b ] 427 0 2 0 218 no 8. 66.5 020h
ins 29 ine TNo. 29 503 &0 0 [/} 2218 75.5 8w 8.6 0i5h
1ny 0 inp LMNo. 0 1045 € 20 0 218 75.5 829 662 L0 h
1%3 3 e LAe. n 1010 &0 0 ] 2218 7.5 813 65.) 010h
I'nS 32 Ine LNo. k- 1052 o 0 2218 ns 83 8.7 .020 h
1N 33 ne LBe. n 1086 € 0 218 70 &5 6.8 013h
1ol n ne SMNo. » 9% @0 22 0 2218 6.0 8.5 6.6 027K
10?7 b 1 Ine SMNo. » 1010 €0 2 ] 2218 7.0 812 6.8 023h
5 Cd. - - - - 9% d8
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Toble 8-4 (Continuved) ]

Flight Test Program af Sunflower Airfield, Koeas

Date: 914/ Data Anolysis Log (dota recorded from [0 m h microphones) M
Mo urement Stotion: Boker @ 2.5 km Yape No.: B-1 SUM Type: BAK 2184 GR 1988
Mic. Types: (1) 4166 (D46
Tet Desciption Photographic Recording Cd. Direct-Reod Dato (Chonnel 1) -
Run Alreroft Prvtﬂ'e Plt.‘[,)'.o Eh? A;'mw Tove z":’; ;;:) dLEQA) '?.m"} '
Time No. Type TAS No. 0 SLM h = hours
G ™M v 3= secs P
0857 . . R - - 60 & o % dB  (104) BAK 218 A
%dB  (fl4) GR 1988
126 1 802C LMo. - - 60 & 0 BAK o  85.8 8.0 L016h
R 82 852 ¢4 53
1135 2 402C Lo, 2 05 60 & 0 BAK 0 8.7 107 .008 n q
xR 819 850  68.3 4l i
1160 3 402C LNo. 3 49 60 & O 88K W2 8.1 6.3 .016h ;
: R 1.0 &6 656 s ;
i 1145 [ 402C Lfo. s %56 60 & O 83K 7.0 &S 707 .006 h
| R 801 ®BI 669 49s i
1168 5 802¢C LNe. - - 60 &0 0 BAK 7.0 &7 1.2 015k
R 79.5 840 659 64s 4

o

Flight Test Proggam ot Sunflower Airfield, Koo

i . Sheet 6 of 10
Dota Anolysis Log (data recorded from 10 m ht microphones) —
] Date: 9/14/81
! Meoswrement Stotion: Boler @ 2.5km Tope No.: B-1 SLM Type: BAK 22184 GR 1988
} Mic. Types: (1) 4166 (D sl166
i
‘ Test Dmscription Photographic Recording Cd. Direct-Read Dato (Chomnel 1) .
: Flight Photo Est, Asﬂev'umor Tape L .o Lox Leq l?i:‘ge . ]
Run Aircroft Profile 1.0. ht, etting dBA) dBA) dEA)
v SLM h = hours
Time No. Type TAS No. [{{}} G L} = Pour
f 1152 é 802C LAe. [ 1000 60 & ] K 7.0 - - -
&R 81.3 8.5 €9.1 k X} *
1156 7 802C L No. 7 1000 €0 &0 0 8K ™0 80 €8.0 016 h
R 80.8 8.1 6.3 s
1s9 [ ] 802C LfSo. 8 1012 6 & 0 .14 78.9 8.5 70.1 007
QR 80.! ®.8 €8.¢ 32
1203 ? &02C LMNo. - - € & (] asK 7.0 854 68.7 012h
GR 802 W5 6L 48 4
1801 10 02C T MNo. - - € X 0 BAK 83 9.8 70.5 029 h

1808 " 802C TNo.

r——




Toble B-4 (Continued)
Flight Test Program . unflower Airfidd, Kaeas

Analysi atg recorded from [0 m ht micro ) Shee! 7 of 10
Duote: 9/14/81
Meoswement Stotions Boler @ 2.5km Tope No.: 8- SLM Type: BAK 22184 GR {1988
Mic. Types: (1) 4166 (D6
Tast Desaiption Photographic Recording Cd. Direct-Read Dota (Chamnet 1)
Flight Photo Es. Atterwntor Tape L L L intey.
Rw  Aircrolt  Profile LD, . Setting B dBA) BN Time
Time No. Type TAS No. " SLM h = hours
G [} v st secs

1818 12 a2C TMNo. 12 760 60 &0 ] 8K @5 %5 70.8 025h

@R 85.7 89.6 69.9 s
1424 13 M2 C TMNo. 13 875 €0 & 0 BAK o.5 099 70.2 025 h
R 83.8 89.1 9.4 % s

1628 1] N C TNo. 1L} 935 60 &0 0 BAK 8.5 89.3 €9.8 024 h

@R 8.5 885 €8.9 903
(1> ) 15 02C TMNoe. 15 7% 6 &0 0 BAK 246 %3 .6 025 h
R 848 89.5 69.8 b )
120 16 T2I0N TMNo. 16 &4 €0 & 0 BAK 87 9.7 74.5 029n

R 90.4 .1 .0 102s
1525 17 T210N TMNo. 17 540 €0 M 0 BAK 87 7.6 75.0 020 h

AR 8.1 N9 7.2 Ns
1532 18 T210N TMNo. 18 618 € &0 0 BAK 87.0 9.5 7.7 020 h
GR 879 91.8 3.4 72

Flight Test Progrom ot Sunflower Airfield, Kasas

Data Anolysis Log (data recorded from 10 m ht microphones) M
Dote: 9/1a/81
Meoswement Stotion: Boler @ 2.5km Tape No.: B-1 SLM Type: BAK 22184 GR 1988
Mic, Types: (1) 6166 (D a6
Test Decription Photographic Recording Cd. Direct-Read Data (Chomnel 1)
Flight Photo Est. Attenuotor Tope Lmox Lax LN Integ,
Run Alrcroft Profile 1.D. ht, Settings aA) dBA)  dBA) Time
Time No. Type s No. ({1})] SLM h:houws
G L} v s secs
1538 19 T2I0N TMNo. [} 91 60 &0 0 BAK 85.5 .0 74 020 »
R 1.5 N2 n.é s

1613 20 T2I0N LMNo. 0 1041 €@ & 0 BAK 7.5 BAS €1.2 Ol4h
xR 0.2 B 66.4 52s

166 21 _T2I0N LRo. 11 1ok @ & 0 ek ™5 8.9 708 .05k
®R 82 ®1 Tl 19

1619 22 T2I0M LMo, 22 1029 e 3 0 BAK 70 B4 &0 0I5h
i R 14 B0 663 S4s

12 2 T2 LAe 23 104 e X 0  BAK 70 ®3 6.5  .005h
R 78a 815 €0  I7s

197 M TN SMNe. w2 @ 1 0 B s %09 M0 .00n
R 86.7 9.3 ni S5is

8-24
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Toble B.4 (Continued)
Flight Test Progrom ot Sunflower Airfield, Kaeas

Dote: 3/1481 Dato Analysis Log (dato recorded from 10 m ht microphones) Shect 7 ol 10
Meosurement Station: Baler @ 2.5 km Tape No.: B-) SLM Type: BAK 22184 GR 1988
Mic. Types: (1) bl (D ulés
Test Dmcription Photographic Recording Cd. Direct-Rend Data (Chomnel 1)
R Awoolt  Brotie  vor e As"mo' Tove :&’:’,‘ d';’;) dLE':) e
Time No. Tyoe TAS No. (1) SLm N hours
G L] v 3= secs
1601 25 T210N SMNo. 25 1092 60 &0 0 [: .13 ;3.5  89.6 7.6 O h
GR 85.2 g8.8 1.6 523
i 26 ine TMNo. 26 539 60 &40 [} BAK 75.0  ou.é 64.8 026 1
‘ QR 754 @9 649 s
1716 27 ine TNo. 27 610 60 k] 0 BAK 74.6 849 64,9 .027h
GR 75.5 8.2 64,1 99s
(h7]] 28 ine TMNo. 28 5§52 €0 k 0 .14 5.6 B 64.8 026 h
GR 75.6 839 64.0 96 s
ms 29 1P TMNo. 29 628 60 X 0 -1 .0 8.9 64.0 027 h
GRrR 759 ®m.t 63.1 98s
1739 30 ine LMNo. » 1045 €0 X 0 Bax %5 8l 65.4 O17h
R 75.1 &®.6 64.0 Ns
Flight Test Progrom at Sunflower Airfield, Koea
Dete: 9/14/81 «Data Analysis Log (dato recorded from 10 m ht microphones) M
Measwremnent Station: Baker @ 2.5 km Yope No.: B-1 SLM Type: BAK 22184 GR 1988
Mic. Types: (1) 4166 (D sl6s
Test Dmcription Photographic Recording Cd. Direct-Read Dota (Chorme! )
O
Time No. Twe TAA  No. (D) sum  GBA dBA) dBA) L,
G M v s secy
1783 3 ne LB5o. k1] 1029 (-] X 0 8aK 7%.0 812 66.6 .008 h
“ GR 75.6 8.4 €5.3 32

InS k" ne LMNo. n 029 6 X 0 BAK 750 ®.2 LX) 021 h
GR 7%.0 &4 8.5 s

Iny 33 ne L0, n 1000 & X 0 BAK ne 817 65.8 0I0n
R 765 809 64.9 38
190} » 1np SMNo. » 1000 € X 0 BaK 1.0 0.2 5.7 030 h
GR 8.6 789 59.1 5
197 kL Ine S$MNo. 3 1077 ¢ X 0 .14 82 ®9Y 6.6 023n
R 6%.3 .3 60.! 1013
136 Cdl. - - - - @ & 0 .0 (108) BAK 2218
9.0 [{11)) GR 1988

B-25
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Table B-5
Flight Test Progrom at Sunflower Airfield, Kansas Sheet | of 10
Data Analysis Log (data recorded from 1.2 m ht microphones)
Dote: 9/14/81
Measurernent Station: Alpho @ 2.0 km Yaope No.: A-| SLM Type: B&K 2218
Mic, Types: (1) 4134 (2) 4134
Test Description Photographic Recording Coal, Tape Analyzed Dato (Chanr.e! 2)
Flight Photo Est. Attenuator input L L L Integr.
Run  Aircraft Proz'le 1.D. ht. Settings Cal. or &z’; cB(cZ) da:x) Tg,e'?:
Time No. Type TS No. (f1) G M v SLM h = hours
Type
1012 Col, - -~ - - 60 30 0 94 dB (104) BaK 2218
1126 | 402 C LMNo. | 936 60 20 0 B&K - - -
1135 2 402 C L/So. 2 933 60 20 0 2218 780 835 68.6 008 h
L1140 3 402 C L/MNo. 3 1068 60 20 0 2218 77.0 832 66.1 Olah
1145 4 402 C L/So. 4 988 60 20 0 2218 715 83.0 68.7 007 h
1148 5 402 C LMo. 5 1024 60 20 0 2218 78.5 84.2 67.2 013 h
152 [ 402 C L/So. é 1008 60 20 0 2218 78.0 8.6 67.1 0i2h
1156 7 402 C L/MNo. ? 996 0 2 0 2218 78.5 837 66.3 015 h
1159 8 402 C L/So. 8 1012 60 20 0 2218 78.0 826 68.8 .008 h
1203 9 402 C L./MNo. 9 1041 60 20 0 2218 77.0 831 66.5 O13h
1401 10 402 C T/Mo. 10 - 60 20 0 2218 850 90.0 71.3 .020h
1408 (f 402 C TMNo. it 6t9 60 20 0 2218 83.0 896 70.7 021 h
Note: Flight Profiles: T - Tokeoff, L - Level Flight, S - Simuloted Climbout/Direction; No. - North, 50. - South
Attenvator Settings: G - Gain Selector (40, 60, or 80 dB)
M - Main Attenuator (10 dB increments) Naogra - Channels | and 2
V - Vernier Attenwator (1 dB increments)
Calibration: input Colibrotion Level (dB) or SLM type, as appropriote.
Flight Test Progrom at Sunflower Airfield, Kansas Sheet 2 of 10
Data Analysis L og {data recorded from 1.2 m ht microphones)
Date: 9/14/81
Measurement Station: Alpha @ 2.0 km Tape No.: A-! SLM Type: BAK 2218
Mic. Types: (1) 4134 (2) 4134
Test Description Photographic Recording Cal. Tape Analyzed Dato (Channel 2)
Flight Photo Est. Attenuator input L L L Integr.
Run Aircraft Pro?;le 1D. ht, Settings Cal. or moX °Z ez) Time
dB(A) dB(A) dBX h = hour i
Time No. Type T/IL/S No. (f1) G M v SLm = ] ;
Type
1815 12 &02C T/MNo. 12 536 € 2 0 2218 84.5 90.0 7.7 0lgh
- Col. - - 60 30 0 9% dB  (104) - - Cal.
[LY]} 13 402 C TMo. 13 676 €@ 20 0 B&K 8i.5 88.6 70.0 020 h
1428 L 402 C TMNo. L] 678 6© 20 0 2218 82.0 88.8 70.0 021 h
1434 [ 402 C T/MNo. 15 609 60 20 0 2218 835 898 7.0 021 h
1520 16 T2I0N TMNo. - - - - - - - - - -
1528 17 T210N TMNo. 17 415 © 20 0 218 87.0 9i.8 719 006 h
1532 18 T210N TMNo. i8 456 (4] 20 0 2218 870 920 75.8 Ol h
1538 19 T210N TMNo. 19 389 60 20 0 2218 87.0 9LS ?5.1 Ol h
1613 20 T2I0N L/MNe. 0 1080 @w 2 0 2218
1616 2l T210N L/So. 20 1037 60 20 0 e
1619 22 T210N L/MNo. 22 1097 60 2 0 218




Table B-5 (Continued)

Flight Test Progrom gt Sunflower Airfield, Kansas Sheet 3 of 10
Data Analysis Log (data recorded from 1.2 m ht microphones)
Date: 9/14/81
Measurement Station: Alpha @ 2.0 km Tape No.: A-2 SLM Type: B&K 2218
Mic. Types: (1) 4134 (2) 6134
Test Description Photographic Recording Cal. Tape Analyzed Data (Chonnet 2)
Flight Photo Est. Attenuvator Input L L L Integr.
Run  Aircroft  Profile 1.D. ht. Settings Cal. or e"(':’; dB?Z) 4BA) Time
Time No. Type TA/S No. (ft) G M v SLM h = hours
Type
|
! 1622 23 T210N L/So. 23 w7 6 20 0 2218 - - - -
1637 24 T210N $/No. 24 783 - - - 22i8 - . - -
Flight Test Program at Sunfiower Airfieid, Kansas Sheet 4 of 10
Doata Analysis Log (data recorded from 1.2 m ht micr: s)
Date: 9/14/81
Measurement Station: Alpha @ 2.0 km Tape No.: A-2 SLM Type: B&AK 2218
Mic. Types: (1) 4134 (2) Foulty
Test Description Photographic Recording Col. Tape Analyzed Data (Chonnel 2)
Flight Photo Est. Attenvator Input Lax  Lax Leq integr.
Run Ajrcraft Profile 1.D. ht. Settings Cal. or dB(A) dB(A) dBI(A) Time
Time No. Type TS No. ()] SLM h = hours
G M v Type
1641 25 T210N S/MNo. 25 906 60 20 0 B&K - - - -
1711 26 npe T/MNo. % 401 60 20 0 2218 - - - -
1786 27 1720 TMNo. 27 457 60 20 0 2218 - - - -
1 28 1720 T.No. »B 427 60 20 0 2218 - - - -
1725 29 172 TMNo. 29 503 60 20 [} 2218 - - - -
1739 30 inp LMNo. 0 145 € 20 0 2218 - - - -
1743 3l e L/So. 3l 1010 60 20 0 2218 - - - -
1745 32 172pP L/MNo. 32 1052 60 20 0 2218 - - - -
1769 33 1np L/So. kx] 1046 60 20 0 2218 - - - -
1801 k) ne S/MNo. K 990 60 20 0 2218 - - - -
1807 35 1n2p S/No. 35 1010 60 20 0 2218 - - - -
1825 Col. - - - - 94 dB
B-27




Toble B-5 (Continued)

Flight Test Progrom at Sunflower Airfield, Konsas Sheet 5 of 10
Data Anaclysis Log (dato recorded from |.2 m ht microphones)
Date: 9/14/81
Measurement Station: Baker @ 2.5 km Tape No.: B-I SLM Type: B&K 2218
Mic. Types: (1) 4166 (2) 166
Test Description Photographic Recording Cal. Tape Analyzed Data (Channel 2)
Flight Photo Est. Attenuator Input Lmox  Lax L Integr.
Run Aircroft Profile 1.D. ht, Settings Col. or dBA) dB(A) dB(A) Time
Time No. Type TL/S No. (f1) SLM h = hours
G M v Type
0857 - - - - - 60 &0 0 % dB  (104) B&K 2218
1126 | 402C LMNo. - 60 40 [4] B&K 81.5 86.5 68.7 016
1135 2 402C L/So. 2 905 60 40 0 B&K 81.5 86.3 7.7 .008 h
1140 3 402 C L/MNo. 3 1049 60 40 0 B&K 78.5  85.1 61.3 0léh
1145 4 402 C L/So. 4 956 60 40 0 B&K 79.0 84.7 70.7 .006 h
1148 S 402 C . MNo. - - 60 40 0 BaK 80.5 859 68.5 015 h
Flight Test Progrom at Sunflower Airfield, Konsos Sheet 6 of 10
Data Anclysis Log (data recorded from 1.2 m ht microphones)
Date: 9/14/81
Measurement Station: Baker @ 2.5 km Tape No.: B-1 SLM Type: B&AK 2218
Mic, Types: (i) 4166 (2) 4t6é
Test Description Photographic Recording Cal, Tape Analyzed Dato (Channe! 2)
Flight Photo Est. Attenuator put Lo Lo L Integr.
R Aircroft Profile 1.D. ht, Settings Cal. or A A Time
Time No. Tpe TS Koo (h G MV SM BA) dBIA) AR oy
1152 6 402 C L/So. 6 1000 €0 &0 0 B&K 8i.0 860 70.2 010k
1156 7 402C L/MNo. 7 1000 €0 &0 0 B&K 80.0 85.9 68.1 Ol6h
1159 8 402 C L/So. 8 1012 60 &0 0 84K 79.5 849 70.7 007 h
1203 9 402 C LMNo. - - 6 &0 0 B&K 81.S 86.2 €9.5 OI13h
1401 10 402C TMNo. - - €@ 0 B&K 83.0 90.0 7.6 020 h
1608 1" 402C TMNo. - - €0 40 0 B&K 840 905 70.6 026 h




Table 8-5 (Continved)

Flight Test Progrom at Sunflower Airfield, Konsas Sheet 7 of 10
Data Analysis L og (data recorded from 1.2 m ht microphones)
¢ Date: 9/14/81
? Measurement Station: Boker @ 2.5 km Tape No.: B-1 SLM Type: B&K 2218
H Mic. Types: (1) 4166 (2) 4166
1
: Test Description Photogrophic Recording Cal. Tape Analyzed Data (Chonnel 2)
Flight Photo Est. Attenuator Input L L L Integr.
Run  Aircraft  Profile 1D, ht. Settings Cal. or ‘&‘:’; T Time ‘
Time No. Type /S No, (f1) SLM h = hours -
G M v Type 'f
1415 12 &02C TMo. {2 760 60 40 0 B&K 84.5 90.4 70.7 025 h
1421 13 802C TMo. 13 875 60 40 0 BaK 82.0 899 70.1 025h i
1428 1) &02C T/MNo. & 935 60 &0 0 BAK 83.5 897 70.3 024 h q
1434 15 402 C TMNo. 15 790 60 40 0 BAK 85.0 90.8 71.2 025 h 2
1520 ié T2I0N TMo. 16 824 60 &0 0 BaAK 88.0 933 733 027h ;
1525 17 T2(0N TMo. i7 540 60 40 [} BAK 87.5 927 74.} 020 h )
1532 8 T210N TMNo. 18 618 60 40 0 B&K 86.5 922 73.5 020 h i
Flight Test Progrom ot Sunflower Airfield, Kansas Sheet 8 of 10
Data Analysis Log (data recorded from 1.2 m ht microphones)
Date: 9/14/8)
Measurement Station: Boker @ 2.5 km Tape No.: B-| SLM Type: B&K 228
Mic. Types: (1) 4166 (2) 8166 : 3
Test Description Photographic Recording Col, Tape Analyzed Dato (Channel 2)
Flight Photo Est. Attenuator Input L L L Integr.
Run  Aircraft  Profile LD, ht. Settings Cal. or e"(‘:’)‘ ‘B(“:, &) ime
Time No. Type TS No, (f1) SLm h = hours
G M v Type
1538 19 T210N TMNo, 19 591 60 &0 0 B&K 85.5 915 72.9 020 h
1613 20 T210N LMNo. 20 108} 60 &0 0 B&K 790 ©4.8 67.6 Ol4h
1616 21 T210N L/So. 24 1014 60 &0 0 BaK 81.5 85.¢ n.é 005 h i
1619 22 T210N LMNo. n 1029 60 30 0 84K 785 848 67.0 Oi5h
1622 23 T2I0N L/So. Y £} 1016 60 0 BaAK 780 829 70.1 005 h
1637 2% T210N S$/MNo. el 922 60 30 0 B&K 83.5 90.3 73.0 0i5h

B-29




—

Table 8-5 (Continued)

Flight Test Progrom ot Sunflower Airfield, Konsas Sheet 9 of |0
Data Analysis Log (data recorded from 1.2 m ht microphones)
Doate: 9/14/8)
Measurement Station: Baker @ 2.5 km TYape No.: B-1 SLM Type: BaK 2218
Mic. Types: (1) 4166 () 4166
Test Description Photographic Recording Cai. Tape Anolyzed Dats (Chonnel 2)
Flight Photo Est. Attenuvator Input L L L Integr.
Run  Alrcraft  Profile  1.D. nt. Settings Col. or c&‘:’; a(";{) a8 Tinge
Time No. Type TA/S No. (ft) SLm h = hours
G M v Type
ieal 25 T2i0N §/No. 25 1092 60 40 0 B&K 83.0 889 7.4 015h
174 26 mne TMNo. 26 539 60 &0 0 Ba&AK 75.5 B4.9 65.7 023k
1716 27 172P T/MNo. 27 610 60 30 0 BaK 74.5 844 4.4 028 h
1724 8 1712 P T/MNo. 28 552 60 30 0 B&K 75.0 84 64.5 026 h
1725 29 172p TNo. 2 628 60 30 0 B&K 7.0 83.5 63.6 027 h
1739 30 i12P LMNo. K i) 10w 60 30 0 BaAK 750 830 65.5 019h
Flight Test Progrom af Sunfiower Airfield, Konsas Sheet 10of 10
Data Analysis Log (dota recorded from 1.2 m ht micr, )
Date: 9/14/81
Measurement Stotion: Baker @ 2.5 m Yape No.: B-| SLM Type: BAK 2218
Mic. Types: (1) 4166 (2) 4166
Test Description Photographic Recording Cal. Yape Analyzed Doto (Chonnel 2)
Flight Photo Est. Attenuator Input L L L Integr.
Run  Aircraft  Profile  1D. ht. Settings Col.or g BA)  dBA) Time
Time No. Type TS No. (1) SLm h = hours
G M v Type
1763 3 1727 L/So. 31 1029 60 30 0 BaK 75.0 Bl 66.0 008 h
17645 32 Inp LMNo. k] 1029 60 0 0 BaK 7.5 824 63.9 019h
1749 3 172pP L/So. 3 1000 60 30 0 BaAK 750 Bl 65.5 Ot h
1801 k_J Inp $/MNo. k] 1000 60 30 0 BAK 8.0 800 59.7 029 h
1807 k1 172 SMNo. 3 1077 60 X 0 B&K 60 808 612 025 h
1836 Col. - - - - 6 &0 0 94.0 (104) BA&K 2218

™Y
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APPENDIX C

Example Cases of Aircraft Design Noise Analysis
Based on Cessna Aircraft Sizing Program

Cessna Aircraft Company participated in the noise control technology
assessment part of this program and performed a design evaluation of three
different aircraft models by means of their Aircraft Sizing Program,

The noise abatement methods studied were constrained to changes in
propeller size and rpm, using the same blade airfoil (Clark Y or RAF 6) in each
aircraft model study.

Four design parameters were investigated:

1.  Change of biade number

2. Change of propeller rpm

3. Change of propeller diameter

4. Change of propeller activity factor

These design parameters were varied for a single-engined (T210), twin-
engined (414A), and twin turbopropeller (441) aircraft size. In each analysis, the
range of parameters was limited to that considered to be technically feasible for
the aircraft size. The primary output parameter evaluated by the program was
flym;er noise level. Secondary parameters (denoted as "constraints") evaluated by
the progrom were

o Takeoff distance,

Rate of climb at sea level,
Rate of climb at altitude,
Payload range, and

0 0 0 o

Cruise speed.

Two cost factors were evaluated: "DOC" and "Price."” However, these do
not reflect the actual cost of implementing the changes for noise control. They
are indications of market value, based on the hypothetical evaluation of the
influence of performance degradation on the competitive pricing of the aircraft.
Thus a lower "price" value indicated that the aircraft would need to be sold at a
jower price in a competitive market.




The above evaluations were performed for a total of 555 cases, comprising
2, 3, and 4 blade propeller designs for the T210 and 414A aircraft, and 3 and 4
blade propellers for the 441 aircraft. Three different rpm cases were evaluated for

each aircraft; namely:

2,400, 2,500 and 2,600 rpm for the T210,
2,500, 2,600, and 2,700 rpm for the 414A, and
1,800, 1,900, and 2,000 rpm for the 44) aircraft size.

The following example cases of these analyses are shown in this appendix for the
T210 single engine aircraft only.

Table C-1 2 Blades, 2500 rpm
Table C-2 2 Blades, 2400 rpm
Table C-3 3 Blades, 2600 rpm
Table C-4 3 Blades, 2500 rpm
Table C-5 3 Blades, 2400 rpm
Table C-6 4 Blades, 2500 rpm
Table C-7 4 Blades, 2400 rpm

Each table consists of a matrix of one of the following parameters
according to the propeller diameter (row) and blade activity factor (column).

Part (a)

o Maximum Noise Level, dB(A)

o Drag Polar, C do

o Drag Polar, | /TP Ae

o Takeoff Dist. (DSO), ft

o Rate of Climb @ Sea Level, ft/min.
Part (b)

o Rate of Climb @ 24,000 ft, ft/min.
o Range, n.mi.

‘0 Cruise Speed, ktas

o Basic Empty Weight, Ib

o Required Fuel Capacity, Ib




Part (c)

Cruise Efficiency (Payload Range)

Time to Climb (to cruise level), min.

V, IV, at 24,000 ft

Average Cruise Speed, ktas (Payload Range)
V/V* (Payload Range)

© 0 0 o o

Part (d)

o Fuel Volume Ratio

o Maximum Speed at 17,000 ft, ktas
o Estimated Price, $

o Estimated Direct Operating Cost, $




X Prop Diamater

75.0000
80.6000
g5.0000
90.0000
9%.0000

Prop Diameter

7%.0000
80.0000

15,0000
?0.0000
$%.0000

Pron Diameter
7%.0000
80.0000
85,0000
?0.0000
9%.0000

e ————— % o P TR Wy £ i

Prop Diameter
75,0000
80.0000
6%.0000
70.0000
9%.0000

Prop Diamater
7%.0000
30.0000
£7%:.0000
90,0000

%.0000

Part(a)

85.0
76.4
77.6
79.3
81.2
84.0

85,0000
0.0190
0.0190
0.0190
0.0170
0.0190

85,0000
0.04%0
0.0490
0.0490
0.04%0
0.0490

BS,0
3232.0
2672.8
2379.1
2264.3
2390.3

85.0
" 571.2
641.0
678.2
692.7
644.7

10

10

Table C-1

100.0
75.7
77 .1
78.9
81.1
84.0

0.0000
0.0190
0.0190
0.0190
0.0190
0.0190

0.0000
0.0490
0.0490
0.04%90D
0.0470
0.0490

WYLE LAKS NOJISE STUDY -- T210, 2 BLADES, 2500 RPM MCP

NOISE dEA

Activity Factor

115.0 130.0
75.1 74.7
76.8 76.3
78.5 78.3
B81.0 81.0
84.0 84.1

Draq Polar Cdo

Activity Factor

115.0000 130.0000
6.0190 0.0190
2.0190 0.0190
0.0190 0.0190
0.0190 0.01%0
6.8190 6.06170

Drag Polar 1/nAe

fdctivity Factor
115.0000 130.0000

U IV

0.0490
0.04%0
6.04%90
0.04%90
0.0490

TAKEOFF DIST,

100.0
2890.3
2492.7
2754.3
2233 .5
2398.4

RNC @ 3EA

100.0
600.2
458.3
695.1
684 .8
627.4

fdctivity Factor

115.0
2684.0
2356.0
2172.7
2219.8
242G.7

LEVEL

Activity Factor

115.0
624.9
670.7
704.6
674.%
609.4

f£1/min

.0490
. 0490
0490
. 0490 ?

- -E-E-N--]

.0490

ftr.

130.0
2%31.1
2239.4
2127.3
2216.0
2458.°2

130.0
6%2.6
£86.5
699.3
661.6
591.1



Table C-1 {Continued) l

WYLE LARS NOISE STUDY -- T210, 2 BLADES, 2500 RPM MCP

{ ROC @ 24000 ft ft/min
; Activity Factor
i Prop Diameter 85.0 100.0 115.0 130.0
; 75,0000 1%4.0 155.4 188.8 239.6
( 80.0000 204.4 288.1 351.4 378.6
| £5.0000 362,3 376.2 381.3 401.5 ]
! 90.0000 386.9 411.2 402.7 395.6 1
1 9%.0000 395.7 393.4 393.2 388.4 4
1 Range - NM :
| Activity Factor
] Proo Diameter 85.0 100.0 115.0 130.0
! 75%.0000 0.0 674 .5 727.1 771.3 ;
| 80.0000 755.1 810.1 840.7 852.1 A
f €#%.0000 847.8 860.5 867.0 869.7 :
! 90.0000 866, 4 869 .5 865 .7 861.5
; 5.0000 859.4 855.0 849.9 841.6 y

CRUISE SPEED KTAS

Activity Factor

Prop Diametar 85.0 100.0 115.0 130.0 _
75.0000 156.0 1706.8 177.7 1R1.8 C
80.0000 181.9 187 .2 190.3 192.1
35,0000 191.5 194.4 19%.7 196.3
90.0000 195.9 1946.7 196 .4 196.1
4. 0000 195.9 195.1 194.2 193.0

Razic Empty Woight - lbs

fctivity Factor i
Prop Diameter 85.0 100.0 115.0 130.0
75.0000 2289.0 2289.0 2289.0 2289.0 .
80.0000 2289.0 2289 .0 2289.0 2289.0
8%,0000 22892.0 2289.0 2289.0 27°89.0
90.0000 2289.0 2289 .0 2289 .0 2289.0
¢%.0000 2789.0 2289.0 2289.0 2°89.0

Required Fuel Capacity ~ lbs

Activity Factor

Proo Diameter 8%5.0 100.0 115.0 130.0
7%.0000 %%56.0 556.0 556.0 556.0
80,0000 556.0 556 .0 556.0 %56.0
£5.0000 6556.0 556.0 656.0 556.0
90.0000 556.0 556.0 556.0 %56.0
95.0000 5%6.0 556.0 556.0 556.0

Part(b)




Table C-1 (Continued)
WYLE LAES NOISE STUDY -~ T210, 2 BLADES, 2500 RPM MCP

Cruise efficiency PAYLOAD RANGE

Activity Factor 1

Prop Diameter 85.00000 100.00000 115.00000 130.00000 C
75.0000 0.00000 0.03052 06.03215 0.03308 :

80.0000 0.03334 0.03474  0.03555 0.035%94

85.0000- 0.03593 0.03643 0.03686 0.03680 b

20.0000 0.03672 0.03645 0.03632 0.035%1 ‘

$5.0000 0.03587 0.03534 0.03477 0.03415

Timne to Climb - min

}
Activity Factor {
)
{

Prop Diameter 85,00 100.00 115.00 130.00
75,0000 122 .32 97.46 79.97 65.10
80.0000 73.16 96 .67 47.80 44.60
€5.0000 446.98 44 .17 42,38 40.83
90.0000 42,46 40.59 40.15 39.65
?%.0000 40.91 40.09 39.54 39 .40

Vy/Vs @ 24000 f1t

Activity Factor
Pron Diameter 85.000 100.000 115.000 130.000

70.0000 1.9518 1.437 1,380 1.327
80.0000 1.347 1,305 1.257 1.261
£.0000 1.292 1,247 1.205 1,190
90.0000 1.224 1.212 1,172 1.133
95.0000 1.187 1,154 1.137 1.106

Average Cruise Spead KTASPAYIL.OAD RANGE

Activity Factor

Pron Diameter 85.0 106.0 115, 0 130.0
., 0000 160.5 167.0 170.8 172.7
80.0000 173.3 176.6 178. 4 179.2
85,0000 179.3 180.8 181.3 181.2
20.0000 181.0 180 .8 180.0 179.0
?%.0000 178.,9 177.6 176.3 174.8

V/Vx PAYLODAD RANGE

Activity Factor
Prop Diameter 85.000 100,000 115,000 130.000

75.0000 0.000 0.766 0.799 0.817
80.0000 0.819 0.842 0.854 0.862
15,0000 0.859 0.870 0.874 0.874
?0.0000 0.872 0.872 0.869 0.864
9%.0000 0.862 0.856 0.849 0.841

Part(c)




Table C-1 (Continued) l

WYLE LAKS NOISE STUDY ~- 7210, 2 BLADFS, 2%00 RPM MCP

Fuel Volume Ratio

Activity Factor
Prop Diamater 85.0010 100.000 115.000 130,000

75L.0000 2,641 2.641 2.641 2.6A41

80.0000 2,641 2,641 2.641 2.641 :
WL, 0000 2.641 2,641 2.641 2.6 ;
90.0000 2,641 2,641 2.641 2.641 i
95.0000 2.641 2.641 2.641 2.641 .

MAX SPEED KTAS AT 17000 FT, ,

Activity Factor

Prop Diametar 85.000 100,000 115,000 130.000
75.0000 174.897 179.474 181.709 182 .768

80,0000 185,121 187.024 187.983 188,320 1
©5.0000 189.717 190,706 190, 5&6 1920.003 ‘
90.0000 190.797 190.178 189.270 188,288
95,0000 18,879 187 .5%4 186.204 184, B&Y

PRICE EST, 4

Activity Factor
Prop Diametar 3 100 115 130
75.0000 175132 177680 178967 179564
80.0000 130891 182004 182509 182696
Wi.0000 163480 184044 183965 183647
90.0000 184095 18374 183233 1832678
9Li.0000 184012 182286 181507 180760

pOC EST,

Activity Facter
2ron Diamater 35.00 100.00 115.00 130.00
75,0000 116.04 116.80 117.19 117.37
86.0000 117.76 118.10 118,249 118.30
81,0000 118.54 118,71 118.68 118.59
90.0000 118.72 118,62 118, 454 118,30

9u.0000 118,40 118,18 117.95 117.7¢2

Part(d)
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Table C-2

WYLE LakE NOTSE STUDY ~- T210, 2 BLADES, 2400 RFM MCP

NOISE dERA
Activity Factor

Prop Diametor 85.0 100.0 115.0 130.0
$.0000 75.9 75.2 74.6 74.2 !
80.0000 77.0 76.5 76.2 75.7 :
2. 0000 78.5 78.1 77 .8 77.5 .
20.0000 80.3 80.1 80.0 80.0 :
95,0000 82.68 82.8 8~.8 87,9

Drag Polar Cdo

Activity Factar 3

Prop Diamoter 33.0000 100.0000 115.0000 130.0000 '
74.0000 0.0190 0.01906 0.0190 0.0190
86.0000 0.0190 80.0190 0.01940 0.0190

. 0000 0.0190 0.0190 0.08190 0.0190 -

73.0000 0.0190 0.0170 0.0190 0.01%0 !
L. 0000 0.0190 0.0190 0.0190 0.0190

Drag Polar 1/mAe

Activity Factor
Prop Diameter 85.0000 100.0000 115.0000 130.0000

74,0000 0.0490 0.0490 0.04%0 0.04%0

80.0000 0.0490 0.04v0 0.0490 0.04%0

€%,0000 0.04%90 0.04%0 0.0490 G.0490

?0.0000 0.,0490 0.0490 0.04%0 00,0490

S, 0000 0.0490 0.04%0 0.04%0 f.0490
TAKEDFF DIGT. ftr,

Activity Fector
Pron Diamator 5.0 100.0 115.0 130.0
7%.0000 3231.9 28R% .5 2683.0 2530.7
30,0000 2671 .8 2491 .3 2355 .1 2238.6
£0L,0000 2374.7 2253 .4 2171.7 2126.3

90,0000 226.3.1 2232.3% 2218.6 2214.7
9. 0000 23R8 .9 2496, 8 24241 1 2456, 6
RIIC @ 5EA LEVEL ft/min
Activity Factor
Prop Dianeter 85.0 100.0 115.0 130.0
75,0000 A478.0 504.,0 5°4.9 548.2
80,0000 939.4 598.1 S566. 4 %78.8
 § £5.0000 576.3 S592.4 601.2 598.9%5
90.0000 999.2 594.1 584 .1 575.3
%.0000 569.3 545.86 541 .4 26,3

Part(a)




Part(b)

C-9

Table C-2 (Continued)
WYLE LAKS NOISE STUDY —- T210, 2 BLADES, 2400 RPHM MCP
RUC @ 24000 f1t ft/min
Activity Factor 3
Prop Diameter 8%.0 100.0 115.0 130.0
75.0000 182. 5% 176 .5 184.7 209.7
80.0000 169.3 226 . 4 296 .6 354,7 4
e, 0000 31,8 371.3 378.6 379.0 )
20.0000 376 .0 392. 4 413.9 401.6 {
9L.0000 406.0 398.6 396.8 396.9 |
Range - NM f
Activity Factor 1
fron Diamater 85.0 100.0 115.0 130.0 3
75,0000 0.0 542, 3 &07.0 660.9 ;
30.0000 627 .4 701.7 747 .1 775,95
8...0000 764.0 789.9 801.3 804.9 v
?20.0000 805.2 812.2 81%5.9v 813.0 )
e%.0000 814.,1 f11.9 809 .4 80%.8 5
CRUISE SPEED KTAS
Activity Factor
Prop Diamoeter 8%5.0 100.0 115.0 130.0 i
75.0000 0.0 161.3 170.0 1751
80.0000 175.4 181.7 185.3 187.0 '
49,0000 137.1 190.1 191.6 192.4 J
?0.00080 192, 3 193.4 193.7 193.1
?5.,.0000 193.3 192.8 191.8 190. 6
Rasic Empty Wa2ight - 1lbs
Activity Factor
Pron Diamuoter 83.0 100.0 115.0 130.0
7%.0000 °P89.0 2289.,0 2289.0 2¢89.0
80.0000 2289.0 2289.0 2289 .0 2°89.0
&5, 0000 PrR9.0 2289.0 2289 .0 2289.0
20.0000 22389 .0 2289.0 2289 .0 2289.,0
L.0000 2269.,0 2089.0 2289.0 2°89.0
Requirad Fuel Capacity -~ 1bs
Activity Factor
Prop Diametor 85.0 100.0 115.0 130.0
7%.0000 456.0 556.0 556.0 5%56.0
80.0000 556.0 556.0 556.0 %56.0
2.0000 546.0 5%56.0 556.0 56,0
90.0000 $96.0 956.0 996.0 %596.0
¢%.0000 S56.0 $56.0 556.0 5%6.0
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Table C-2 (Continued

WYLE LAKS NOISE STUDY -- T210, 2 BLADES, 2400 RFM MCP

Prop Diametnr

Cruise efficiency PAYLOAD RANGE

Activity Factor
85.00000 100.00000 115.00000 130,00000

75,0000 0.00000 0.02850 0.03050 0.0317%
80.0000 0.03214 0.03393 0.03496 0.03557
£5.0000 0.03572 0.03670 0.03726 0.03752
90.0000 0.037:32 0.03790 0.03788 0.03766
95.0000 0.03779 0.03753 0.03714 0.03672
Time to Climb - min
Activity Factor
Prop Diamater 83.00 100.00 115.00 130.00
75,0000 f17.88 163,27 1°8.91 107.27
80.0000 122.31 39.57 70.81 983,46
|L..0000 65,75 56.70 53,36 51.20
90.0000 53.27 50 .66 48 . %0 A7.99
9%.0000 49,38 48 .38 47 .35 46 .57
Vy/Us B 24000 f1t
Activity Factor
Pron Diamater 85.000 100.000 115.000 130.000
7%.0000 1.57% 1,525 1,446 1.37%
30.0000 1,38y 1.334 1.294 1.240
£€.,0000 1.278 1.267 1,232 1,186
?0.0000 1.232 1,204 1,193 1,152
94,0000 1,205 1,159 1.135 1,109
Average Cruise Speed KTASPAYLOAD RANGE
Activity Factor
Proo Diamoter 85.0 100.,0 115.0 130.,0
7%.0000 166.0 174.3 179.72 182.1
30.00008 133.5 187 .4 190.0 191.4
85,0000 191.9 194,72 195.5 196 .1
90.0000 196.2 197.0 197.0 196.4
%.0000 196.8 196.1 19%5.1 194.0
v/Vx PAYLOARD RANGE
Activity Factor
Prop Diameter 35.000 100,000 115,000 130,000
75,0000 0.000 0.£01 0.842 0.869
80.0000 0.871 0.902 0.919 0.928
90.0000 0.954 0.960 0.951 0.958
95.0000 0.959 0.957 0.9%1 0.946
Part(c)
C-10
- et o D i sl e
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Toble C-2 (Continued)

WYLE L AKS NOISE S1UDY -- 1210, 2 BLADES, 2400 RFM MCP

Fuel Volume Ratio

Activaity Facter
Prop Diameter 85.000 100.000 115.000 130.000

7%.0000 2.641 2.641 2.641 2.641
80.0000 2.641 2.641 2.641 2.641
84,0000 ?2.641 2.641 2.641 2.621
90.0000 2.641 2.641 2.641 2.6A41
5%.0000 2,641 2.641 2.641 2.641

MAX SPEED KTAS AT 24000 FT.

Activity Factor
Pron Diameter 85.000 100.000 115.000 130.000
“%.0000 0.000 161,035 169.739 174.80%
30.0000 175.133 181.393 134.934 186 . 661
aL,.0000 186.714 189.706 191,270 192.047
90.0000 191.909 123,055 193.294 192.721
$L.0000 192.841 192,401 191,352 190.208

PRICF EST,

. Activity Factor
Yrop Diama2ter 85 100 119 130
75,0000 0 167355 172234 175080
80.0000 17526% 1787139 1807845 1831760
£$%,0000 181789 183479 184363 1R430°7
20.0000 134724 185372 185507 185183
$%.0000 185251 185002 184409 183763

pocC EST.

Activity Factor
Prop Diamater 83.00 100.00 115,00 130,00
7%.0000 0.00 113.72 115,18 116.03
80.0000 116.013 117.14 117,73 118.02
£15,.0000 118.03 118,54 118.80 118,93
70.0000 118.91 119.10 119.14 119.035
$%.0000 119.07 118.99 118.81 118.67

Part(d)




Prop

Prop

Proon

Pron

Prop

Diameter
75.0000
80.0000
£©5,.0000
90.0000
95,0000

Dianater
759.0000
80.0000
£L.0000
920.0000
$S.0000

Dianter
75.0000
30.0000
gii.0000
90.0000
$%5.0000

Diamatar
7%. 0000
30.0000
.0000
70.0000
$%.0000

Diamnter
79.0000
80.0000
£5.0000
90.0000
¢5.0000

Part{a)

85.0
78.0
80.0
82.4
85.3
ae,7

85.0000
0.0190
0.0190
0.0190
0.0170
0.0190

85.0000
0.0490
0.0490
0.04%90
0.0470
0.04%0

8h.0
2736.7
a532.2
2u08.4
2675.10
3033.9

835.0
§38.9
847.1
835.7
772.8
&76.8

Table C-3

100.0
77 .7
79 .8
82.3
85.4
8&.9

100.0000 1
0.0190
0.0190
0.0190
0.019¢0
6.0190

100.0000 1
0.04%90
0.0490
0.0490
0.0490
0.0490

TAKED:

100,90
2610.5
2455.4
2501.6
2710, 4
3096.2

ROC @ SEA LE

100.0
846.5
850.6
819.9
750.7
631.8

C-12

Activi
115.0
77.5
79.6
82.3
85. 4
8?.0

Draq

Activi
15.0000
.0190
L0190
. 0190
L0190
0190

[—-E-—-R— -

Drag Po

Activi
15.0000
0.04%0
0.0490
0.049%0
0.04%90
0.04%0

F DIST.

Activi

115.0
2921.0
2421.7
2504.,7
2745.7
3153.2

VEL

Activi
115.0
841.2
850.1
804.5
730. 4
631 .4

WYLE LABS NOIGE STUDY —~- 7210, 3 BLADES, 2600 RFM MCP

NOISE dEA

1y Factor
130.0
77.2
79 .4
87.2
85'5

89.1

Polar Cdo

ty Factor
130.0000
0.0190
.0190
0190
. 0198
0190

DO o

lar 1/mnAe

ty Factor
130.0000
0.0490
0.0490
0.0490
0.04%90
0.0490

f?l

ty Factor
130.0
2448 .4
2407 .3
2u18.,9
2785.5
3”13.0

ft/min

ty Factor
130.0
841,72
836.4
787.6
710.2
6$11.8




P T —————

Prop Dianeter
7%.0000
80,0000
©5,0000
90.0000
$%, 0000

Propn Diamater
75,0000
30.0000
£5.,0000
?20.6000
e5.0000

Proo Diamntor
75,0000
80.0000
€5.0000
70,0000
$5,0000

Prop Diamotar
7%.0000
/08,0000
£5.0000
?0.0000
9u.0000

Prop Diam=ter
75.0000
30.0000
£5.0000
20.0000
9G.0000

Part(b)

85.0
372 .4
410.8
429.7
383.0
326.3

85.
762.
811,
82,
808,
781,

L BRVIL BT L

85.
198,
203,
213,
213,
210,

oD O

85,0
27°89.0
2239.0
27°8%.0
2289 .0
2269.0

85.0
556.0
556, 0
Elﬁb . 0
556 . 0
506.0

Table C-3 (Continued)

ROC @ 24000 €1t

WYLE LAkS NOISE STUDY -~ T210, 3 HLADES, 2600 RFM MLP

ft/min

Activity Factor

100.0 115.0 130.0
395.,2 415.5 406.4
412 .2 426, 4 417.89
404.9 387 .4 376.%
369 .7 351.3 316.7
288 .4 2%7.7 229 .3
Range - NM
Activity Factor
100.0 115.0 130.0
791.1 797.9 798.6
B814.9 818.4 313.3
816.1 809.3 R03.%
800.7 791.% 779.3
766 .4 7592.6 736,72
CRUISE SPEED KTAS
Adctivity Factor
100.,0 115.0 130.0
202 .6 205.4 206.9
211.0 212.1 212.5
213.4 2t?.R 212.1%
212,10 210.9 209.6
20R.7 207 .1 205 .6
Rasic Fmpty Weight - lbs

fctivity Factor

100.0 115.0
22R9.,0 2289.0
2289.90 2289 .0
2°89.0 2289, 0
2289.0 2289.0
2289.0 2289.0

130.0
2°89.0
22389,0
2289.0
27289 .90
2289.0

RequiredeFuel Capacity -~ 1lbs

Activity Factor

100.0
556.0
956.0
556.0
956.0
856.0

115.0
9%6.0
556.0
wb. 0
5356.0
5546.0

130.0
S9é .0
596.0
556.0
556.0
5%56.0

b i

AT e

A e b~ -




i Al e AL A AL . w1t e 2 5

\rmen o d

@ i h s ke

i
i
{
El
1

Prop

Proo

Prop

Prop

Proon

Diameter
75.0000
80.0000
B85.0000
90.0000
$%,0000

Diamater
75.0000
30.0000
8%n.0000
90,0000
¢o.0000

Diamatar
7%.0000
30.0000
2%, 0000
90.0000
9%.0000

Diamater
7%.0000
30.0000
£5.0000
90.0000
95.0000

Diameter
75.6000
80.0000
aL,.0000
90.0000
%.0000

Part(c)

Table C-3 (Continued)
WYLE L AKS NQISE STUDY -~ 7210, 3 BLADES, 2600 RPM MCP

Cruise efficiency PAYLOAD RANGE

0.03461
0.03742
8.04821
0.03747
0.03603

85.00
45.8%
36,135
34.97
35,56
39 .88

835.000
1.314
1.246
1.201
1.142
1.106

8%.0
189.23
196.2
198.1
194.2
192.6

85.000
0.91%
0.955
0.967
0.953
0.938

0.03%53
0.03773
0.03797
0.03692
0.03528

100.00
38.42
35.74
35.56
36.90
42 .27

100.000
1.206
1.1946
1.155%
1,115
1.0724

Avarage Cruise Spuaed

100.0
191.5
197.0
197.3
194.93
190.7

100.000
0.930
0.950
0.963
0.950
0.928

C-14

Activity Factor
85.00000 100.00000 115.00000 130.00000

0.03597
0.03773
0.03752
D.03633
0.03457

0.03617
0.03747
0.03711
0.03578
0.03392

Time to Climb - min

Activity Factor

115,00
36 .87
34,82
34,00
37.71
44,57

130.00
36.52
34.97
36.2%
39.60
47 .40

Vy/Vs 8 24000 £1

Activity Factor

115.000
1.2%6
1.184
1.121
1.091
1.034

130.000
1.212
1.156
1,100
1.057
1.011

KTASPAYLOAD RANGE

Activity Factor

115.0
192.5
196.9
196.2
193.4
18%.0

130.0
193.0
196.2
195.2
192.1
187.4

V/Vx PAYLOAD RANGE

Activity Factor

115,000
0.934
0.961
0.958
0.942
0.918

130.000
0.939
0,958
.92
0.936
0.910




L Prop Diam=2ter

w.0000
80.0000
e%.0000
90.0000
£5.,0000

Pronp Diamater
75.0000
30.0000
£§5.0000
?20.0000
'S, 0000

Prop Dianet2e
79.0000
30.0000
%.,0000
?0.0000
©5.0000

Prov Diamzter
7%.0000
30,0000
2% . 0000
90.0000
95.0000

35.000
2.641
2. 641
2.641
2.641
2.641

85.000
197.280
201,884
201.760
199.219
195.417

135
187762
190370
190300
138860
186708

85.00
119.8°
120,59
120.57
120.14
119.50

100,000
2.641
2.641
2.641
2.64%1
2,641

Table C-3 (Continued)
WYLE LAKRYG NOISE STUDY ~- T210, 3 KLADES, 2600 RPM MCP

Fuel Volume Ratio

Activity Factor

115.000
2.641
2.641
2.641
2.641
2.641

130.000
2.641
2.641
2.641
2.641
2.641

MAX SPEED KTAS AT 17000 FT,

100.000
198.486
201,730
200,621
197.74%
193%5.447

100
188445
1902843
189655
188027
185605

100,00
120.02
120.57
120,38
119.90
119.17

Activity Factor

115.000 130.000
19€.91% 198.717
200.900 199.980
199,648 198,510
196.2034 194.888
191,685 190.029
PRICK EST.
Activity Factor
119 130
188688 18576
189812 189291
189103 18845&
187199 186408
184597 183647
DO EST.
Activity Factor
115,00 130.080
120.09 120.0¢6
120.43% 120.27
120.22 120,02
119,65 119.41
118.87 118,59




Table C-4

WYLE LARE NOISE STUDY -~ T210, 3 BLADES, 2500 RPM MCP

Prap Diamater

Proo

Proy

Prop

Prop

7%.0000
80.0000
§8%5.0000
90.0000
$o.0000

Diangter

2. 0000
30.0000
8%.0000
90.0000
$%.0000

Diamater
75%.,.G000
80.0000
©85.0000
90.0000
¢% . 0000

Diametar
75%.0000
80.0000
85,0000
90.0000
©$%.0000

Diametar
7%.0000
80.0000
©%5.0000
90.0000
9%.0000

NOISE dEA
Activity Factor
85.0 100.0 115.0 130.0
77.7 77.4 77,2 76.9
79.4 79.5 79.2 79.1
81,9 81.8 81.¢ B1.R
84.7 84.7 84.8 84.9
£8.0 88.1 B88.2 BR,3

Drag Polar Cdo

Activity Factor
85.0000 1006.0000 113.0000 130.0000
0.0190 6.0190 0.0190 0.0190
0.0190 0.0170 0.0190 0.0190
D.0190 8.0190 0.0190 0.0190
0.0190 0.0190 0.0190 0.0190
0.0190 0.0190 0.0190 0.0190

Drag Polar 1/mAe

Activity Factor
85,0000 100.0000 115.0000 130.,0000
0.0490 0.0490 0.04%0 0.0A%90
8.,04790 0.0490 0.04%0 0D.04%0

0,0490 0.0490 6.0490 0.04%0
0,0490 0.0490 0.04910 0.0490

0.0490 0.049%0 0.02%0 0.04%0

TAKEOQFF DIST. fr.

fictivity Factor
85.9 100.0 115.0 130.0
2u%2.8 2467 .0 2376.8 2302.6
2385.1 2306 .7 2258. 4 2239.6
2332,7 2320.8 2319y.2 232L.9
24466.0 2490.3 2518.9 29951.7
2766 .5 2819.0 2846 .7 2916.9

ROC @ SFA LEVEL f1/min
Activity Factor
85.0 100.0 115.0 130.90
624,10 61€.1 613.6 6514.90
623,1 622,77 615.73 &01.95
612.% §599.1 566.0 571.7
969.0 591.5 536. 4 21.2

501.2 482.4 467.0 4%2.1

T VA
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Table C~-4 (Continued)
WYLE LAKS NOISE STUDY ~-- T210, 3 BLADES, 2%00 RPM MCP

ROC @ 24000 €+t ft/min
Activity Factor
Prop Diamater 85.0 100.90 115.0 130.0
75,0000 P45.9 315.5 362.7 371.0
80,0000 368.9 359.7 365. 4 378.0
£5,0000 379.3 368.9 345.,8 331.2
90.0000 343.2 332.1 319.9 293.7
?%.0000 312.1 27%5.5 244.7 214.7
s Rang= - NM
t
i Activity Factor
Proo Diawmeter 8%.0 100.0 115.0 130.0
75,0000 792 .¢& 8P9 .4 f/47.2 84g.0
80.9000 36%5.4 867 .8 867.8 864 .1
£5,0000 875.6 868.7 859.5 851,07
?20.0000 356.0 847 .9 837 .64 825.9
¢%,0000 829.6 811.4 794.6 777 .2

CRUISK. SPEED KTAS

Activity Factor

Prop Diametar 85.0 100.0 115.0 130.0
7%.0000 188.4 191.8 193.2 194.,1
80.0000 197.0 198.4 198. 4% 198.3
B5.0000 200,0 199 .4 198,49 197.5%
20.0000 198. 4 197.0 195.7 194.3
8. 0000 194.9 192.9 191.2 189.5

Baszic tmpty Waight - 1lbs

Activity Factor
Pron Diameter 85,0 100,0 115.0 130.0 .
75.0000 2789.0 23289 .0 2289.0 2289.0
80.0000 2289.0 2289 .0 2289.10 2289 .0
£5.0000 2289.0 27289.0 22R9.0 2r89.0
90.0000 2239.0 2289.0 2289.0 2289.0
$%5.0000 2789.0 2289.,0 2289.0 2289.0

Required Fuel Canacity - lbs

Activity Factor

Prop Diameter 85.0 100,0 115.0 130.0
75.0000 0%56.0 556.0 S5hH6.0 5%56.0
80.0600 356.0 5956.0 556.0 b56.0
55,0000 556.0 556.0 956.0 556, 0
90.0000 555.0 556.,0 '556.0 556.0
9%.0000 06,0 S5he. 0 056,10 N6, 0

Part(b)




Prop Diameter
7%.0000
80.0000
€.L.,0000
90.0000
?%>.0000

Proo Diameter
7%.0000
80.0000
€5,0000
90.0000

“.0000

Proo Dianater
$,0000
80.0000
£5.0000
?0.0000
¢%5.0000

Prop Diameter
7%.0000
80.0000
€%.0000
90.0000
$5.0000

Prop Diameter
75.0000
80.0000
8L.0000
90.0000
95.0000

Part(c)

Table C-4 (Continued)
WYLE LAES NOISE STUDY -- T210, 3 BLADES, 2500 RPM MCP

Cruise efficiency PAYLOAD RANGE

0.03509
0.037561
6.03798
0.03682
0.03488

@3.00
&3.77
45.41
AP.59
43.75
45.74

85.000
1.32¢
1.260
1.193
1.130
1.10%

Averayn Lruise Speed

85.0
177.¢
183.1
183.9
181.3
176.7

85.000
0.847
0.833
0.891
0.876
0.850

0.063%70
0.03765
0.03751
0.03603
0.033°5

Activity Factor
85.00000 100.00000 115.00000 130,.00000

0.03586
0.03737
0.03698
0.03537
0.03309

0.035R1
0.03696
0.03646
6.03471
0.03229

Time to Climb - min

100.00
51.84
44.24
42.60
43,95
48.23

100.000
1.268
1.193
1.15¢9
1.108
1.070

100.0
176.8
183.2
182.6
179.5
174.5

Activity Factor

115.00
45.73
43.03
43 .30
44,43
50.83

130.00
44,60
42.16
43.71
44.02
54,06

Vy/Vs @ 24000 €1t

Activity Factor

115.000
1,232
1.172
1.118
1.9849
1.042

130.000
1.231
1.160
1.099
1.060
1.01&

KTASPAYL.DAD RANGE

Activity Factor

115.0
179.0
182.5
181.64
172.7
172.4

130.0
178.9
181.6
180.3
176.2
1706.5

V/V% PAYLOAD RANGE

100.000
0.858
0.885
0.88%
0.867
0.838

C-18

Activity Factor

115.000
0.861
0.8132
t.878
0.8%8
0.826

130.000
0.R61
0.878
0.872
0.849
0.815




WYLE LAH

Prop

Prop

Pron

& NOISE STUDY ~-

Diam=ter
75.0000
80,0000
€©L.0000
?0.0000

s.oo0n

Diamntap
70,0000
30.0000
£, 0000
?0.0000
Y. 0000

Diamator
7w, 0000
80.0000
€5.0000
20,0000
¢w.0000

Pron Diamater

Part(d)

w. 0000
80.0000
4, 0000
20,0000
SL.0000

85.000
2.641
2.641
?.641
2.641
2.641

35.000
186,348
191,347
197,021
120,010
185,271

33
18158
113441y
1824799
183451
181520

85.00
117.97
118,82
11¢:,93
113,59
117.96

Table C-4 (Continued)

Te10, 3 BLADES, 2500 RP'M MCP

Fuel Volume Ratio

100.000
2.641
2,641
2.641
2.641
2.641

Activity Factor

115.000
2.641
2.641
2.641
2,641
2.641

130.000
2.6421
2.641
2.621
2.641
2.671

MAX SPEED KTAS AT 17000 FT.

100,000
186,907
190,358
190.827
133.3140
1R4, 4313

100
181896
184130
184117
182707
180507

100.00
1:i8.06
118,73
118,73
118,31
117 .,.6%

c-19

Activity Factor

115.000
186,998
189.835
189.617
186,992
182,620

130.000
186 .772
188.828
188,530
185,876
180,936

PRIC: EST.

Activity Factor

115
181940
183552
18342R
181944
179480

130
181822
182983
1828170
1831147
178531

pNeC EST.

Activity Facter

115.00
118.08
118,55
118.572
118.08
117.34

130.00
118,04
118,39
118,34
117.84
117.06




Prop

Proo

Prop

Prop

Prop

Diamater
75.0000
80.0000
8£s.0000
90.0000
¢5H.0000

Diameter
75,0000
80.0000
£5.,0000
90.0000
$%.0000

Diameter
7%.0000
30.0000
8u,.0000
90.0000
$%5.0000

Diameter
7%.06000
80.0000
85,0000
92G6.0000
$%.0000

Diamater
75.0000
80.0000
8%5,0000
?0.0000
95,0000

Part(a)

85.0
77.2
79.1
81,2
83.8
1.8

85.0000
0.0190
0.0190
0.0190
0.0190
0.0190

85.0000
0.0490
0.0490
0.02490
0.0420
0.0490

85.0
591.7
2384.0
2331.4
2464.5
2764, 4

85.0
525.9
523.46
919.9
490.9
442.0

Table C-5
WYLE LAKS NOISE STUDY —-- 1210, 3 KLADES, 2400 RFPM MCP

NOISE dEA

Activity Factor
100.0 115.0 130.0
7.9 76.7 76.9
78.9 78.8 78.6
81,1 81.1 81.2
83.8 83.9 84.0
87.0 87.1 87.?

Drag Polar Cdo

fActivity Factor
100.0000 11%,0000 130.0000
0.0190 0.0190 0.0190
0.0170 0.0190 N.0190
0.01%0 0.0190 0.0190
0.0170 0.0190 0.0190
¢.,0190 0.0190 6.0190

Drag Polar 1/naAe

Activity Factor
100.0000 1135.0000 130,0000
0.0490 0.0490 0.045%0
0.04720 0.04990 0.0490
0.0490 0.0490 0.0450
0.0470 ¢.0490 0.04%0
0.04%0 0.0490 0.0490

TAKEOQFF DIST., ftr,

Activity Factor
100.0 115.0 130.0
46,9 2373.7 2301 .5
230%. 58 22%7.2 2238.4
2319.4 2317.9 2324 .5
2488.7 2517.3 25%0.0
2817.0 2864 . 6 2914.7

ROC ® SFA LEVEL ft/min

Activity Factor
100.0 115.0 130.0
522.4 514.% 513.,2
522.9 516,95 501.8
507.1 49%.2 481.,7
475.4 462 . 3 449.0
426 .1 412.8 39¢.9

C-20




Prop Diameter
75.0000
80.0000
£5,0000
?0.0000
9:L.0000

Prop Diametar
74,0000
30.0000
. 0000
20,0000
9%.00040

Proo Diameter
75,0000
80.0004
B5.0000
?0.0000
?%.0000

Prrop Diameter
7%.0000
80.0000
#5o.,0000
90.0000
©%.0000

Prop Diam=ter
75.0000
80.0000
€%5.0000
90.0000

$.0000

Part(b)

85.0
213 .4
361,7
362.7
359.5
38,7

5.0
&79.9
792.7
£14.3
810.4
794.6

85.0
181.9
171.8
196.3
195.6
192.7

85.0
or8e. 0
2289.0
2789.0
2287.0
2289.0

35.0
G36.0
9%6.0
556.0
§556.,0
556.0

Table C-5 (Continued)
WY!'E LAES NDOISE STUDY —-- TP210, 3 BLADPES, 2400 RPM MCP

100.0
2289 .0
2289.0
Pr8%.0
2289.10
2°89.0

ROC @ 24000 1t ft/min
Activity Factor
100.0 115.0 130.0
26%..4 319.4 362.7
373.3 356.3 358.8
377 .9 364.0 337.0
337.8 327 .3 313.7
312.6 279 .6 247 .4
Rangm - NM
Activity Fector
100.0 115,90 130.0
728.5 7637 77/8.3
801.0 g02.%9 801.2
812.7 BU7.% 798.9
802.1 795. 4 7839.6
784.7 772 .1 758,72
CRUISE SPEED KTAS
Activity Factor
100.0 115.0 130.0
18L.3 186.7 187.72
193 .1 193.4 193.3
195.¢6 194.8 193.7
194.2 193 .1 191.7
190.7 189 .2 187 .5
Bagic Empty Weight - 1bs

Activity Factor

115.0
2289.0
2289 .0
228%.0
2289 .0
2289.0

130.0
228%.0
2289.0
2289 .10
2289.0
2289.0

Required Fu2) Capacity -~ 1lbs

100.0
S56.0
556.0
556.0
5955.0
556.0

c-21

Activity Factor

115.0
56,0
056.0
556.0
556 . 0
656.0

130.0
SuLb.0
556.0
S556.0
%56.0

56.0

ki,




Prop Diam=ter
75%.0000
80,0000
@5, 0000
?0.0000

%, 0000

Pron Diameter
75.0000
30.0000
68,0000
20.0000
9%.0000

Proy Diameter
7%.0000
80.0000
£©%,0000
?0.0000
94,0000

Prop Diameter
7%.0000
80.0000
15,0000
90.0000

LH.0000

Prop Diameter
75,0000
20.0000
£%,0000

90.0000
¢%.0000

Table C-5 (Continued)
WYLE | AHS NDISE STUDY -- 1210, 3 KLADES, 2A00 RPM MCP

Cruise efficiency PAYLDAD RANGE

85.00000 100.00000 115,00000 130.00000

0.03374
0.03734
0.03891
0.,038460
0.03749

85.00
99.97
57 .33
53.07
52.16
53.58

35.000
1,36%
1.238
1.1R4
1.144
1.106

0.03497
0.03778
0.0386¢8
n.03809
0.0367€

100.00
78.17
54.986
S1.67
52,382
54,53

100.000
1,305
1.244
1.169
1.107
1.079%

Average Cruisze Soeed

85.0
187.9
195.8
199.6
193.8
195.9

35,000
8.903%
0,952
0.974
0.970
0.956

100.0
190.2
194.8
199.0
197 .4
194,32

100.000
0.919
0.958
0.971
0.944
0.%946

Activity Factor
0.03%544 0.03560
0.03736 0.03769
0.036829 0.03788
0.03757 0.03704
0.03612 0.03%52%

Time to Climb - min
Activity Factor
115.00 130.00

63.70 I A
53.85 52,68
51,68 82.77
93.11 53,867
57.19 &0 .65

Vy/Vs B 24000 1

Activity
115.000
1.2%86
1.183
1.138
1.084
1.054

KTASPAYLOAD

Activity
115.0
191.1
197 .1
198.0
196. 3
192.7

y/Vx PAYILL.OAD

Activity
11%.000
0.926
0.960
0.966
0.9%¢
0.938

Factor

130.000
1.212
1.191
1.096
1.062
1.019

RANGE

Factor
130.0
191.4
196.6
196.9
195.0
191.2

RANGE

Factor

130.000
0.929
0,959
0.961
0.951
0,930

Bk st inin
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Table C-5 (Continued)
WYLE Lt AKS NOISF STUDY -~ T210, 3 BLADFS, 2400 RFM MCP

Fuel Volume Ratio

Activity Factor
Prop Diam=ter 85.000 100.000 115.000 130.000

J P S VPP SV U S Y T

75,0000 2.621 2.641 2.641 2.641
80.0000 2.641 2.641 2.6491 2.641
€5.0000 2.641 2.621 2.641 2.641 ;
90.0000 2.5641 2.641 2.641 2.641 :
9L, 0000 2.641 2. 641 2.641 2.641 ;

MAX SPEED KTAS AT 24000 FT.

A

Activity Factor
Prao Diameter 35.000 100.000 115,000 130.000
75.0000 161,593 184.938 186,345 186,843
80.0000 171.444 192.70% 193.004 192,829
5.0000 19%., 882 19%5.38) 194.370 191,264
?0.0000 193%.137 193.827 192,624 191.268
95,0000 192.239 190.280 188,711 187.04¢0 *

PRICE EST.

Activity Fector

Pron Diam=ter a9 100 115 130

L2.0000 178902 180787 1R1581 181867

80.8000 184472 185173 183343 1685244

85.0000 186971 1866RY 186115 1685490

, 20.0000 186578 185308 1851729 134361

. ?e.0000 1R4910 18380 182917 1601974
Do« EST.

Activity Factror
f Prop Diameter 85.00 100.00 115,00 130.00
! 75,0000 117.17 117.73 117.97 118.0%
' 80.0000 118,83 119.04 119,09 119.06

gL 0000 119,58 119.49 119.32 119.14

90.0000 119.45 119.23 119,03 118.80

95,0000 118.96 11R.63 118,37 1iR.09
Port(d)

3 ‘ Cc-23




Table C-6

WYLE LAKE NOISE STUDY -—- T210, 4 KLADES, 2500 RFM MCP

Prop

Pron

Pron

Pron

Prop

Diam=ater
75.0000
80.0000
gH.0000
?0.0000
$..0000

Diama2ter
.0000
340.0000
gn,.0000
90.0000
..0000

Diamoter
7L.0000
30.0000
$%,0000
0.0000
@..0000

Diameter
75,0000
80.0000
§@5,0000
?0.0000
95,0000

Diameter
7%5.0000
BD.DODD

H.0000
90.0000
9%.0000

Part(a)

85.0
77.%
79.6
82.3
85.3
88.R8

8%5.0000
0.01%90
n.0190
0.01%90
0.01%0D
0.019¢

$35.0000
0.04%0
0.0490
0D.04%90
0.0490
0.0490

85.0
P450.7

2341.0

83.0
589,06
585.3
552 .7
§00.2
429 .2

100
0
0
0
Y
¢

100
0
)
0
)
0

2
2
4
a2
3

ROC

100.
77.
79.
ez,
8% .
89.

(=L IR B VO

.a000 1

L0190
0190
0190
0190
0150

L04%0
.0470
84590
.04%90
0490

NOISE. dBA
Activity Factor
115.0 130.0
77.1 77.1
79.5 79.95
ar.4 B2.4
85.4 85.7
89y .7 89 .3

Drag Polar Cdo

Activity Factror

15.0000
0.0190
0.0190
0.0190
0.0190
g.0390

130.000¢0

¢.019¢
. 0190
V01940
0190
L0190

fom R = B oo I =~

Drag Polar 1/nAe

Activity Factor
0000 115.0000

g.0490
0.04980
0.0490
0.0490
0.0490

TAKEOFF DIST,

100,0
371.7
325.1
433.7
694.%
114,55

130.,0000
0.04%0
0.04%90
0.04%90
0.0490
0.049¢

ft.

Activity Factor

11%.0
2319.0
2321.9
2456 .6
2739.3
3178, 6

® GFEN LEVEL

100.0
587 .4
569.2
53%.2
481 .3
A11.4

C-24

130,
22854,
2327,
2884,
2787,
3244,

Naeug~- o

ft/min

Activity Factor

115.0
582.1
554.7
519.5
ALL . 4
397.0

130.0
566.5
H38.2
503.6
451.3
383.3

ptom h - e
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WYLE LARS NOISE STUDY -- T210,

Progp

Prop

Pron

Proo

Prop

Diamater
75,0000
80.0000
8L..0000
?0.0000
5.000¢0

Diamoter
7u.0000
30,0000
8%.,8000
?0.6000
94,0000

Diama2ter
75,0000
80.0000
goh.eoae
?0.06000
g%, 00400

Diamoter
7%5.0000
BH.08000
£%.00400
290.0008
es.0000

Diametrar
75.0000
80.0000
€©%,0000
90.0000
95,0000

Part(b)

85.0
362.0
352.0
32%.8
293.7
P17.4

8%.0
056.9
872.0
E860.8
815.8
790.4

83.0
196.0
200.9
200,72
1972.3
192.8

85.0
2289. 0
228%.0
229, 0
2289 .0
2789.4

Table C-6 (Continued)

RUC ® 24000 €1t

4 RLADES, 2%0D RPM MCP

ft/m.n

Activity Facter

100.0 115.0 130.0
366.7 341.% 340 .1
361.1 330.9 279.8
306, e%2.0 274.0
263.7 230.1 197 .8
182. 6 152 .1 125.7
Rang> - NM
Activity Factor
100.0 115. 0 130.0
856.3 Bh1. % R47 . ¢4
865.8 852 .8 812.3
849 .1 838.9 828.6
819.6 802.2 783 .2
766.1 741.4 712.1
CRUIGKE SPEED KTAS
Activity Factor
100.0 115.0 130.0
197.0 196.9 196.5
199.7 1968.7 197.7
198.9 197.% 1941
195, 4 193.56 191.9
190.4 188.2 186.7
Rasic Fmpty Woight — 1lbs
fictivity Facter
100.¢0 115.0 130.0
228% .0 2289.0 2289.0
2728%.0 228%.0 2239.0
228%9.0 228%.0 2PRe.0
228% .10 2289.0 2289.0
ePge?. 0 P2R9.,0 PPBY. 0
Required Fuel Capacity — lbs
Activity Factor
100.0 115.0 130.0
85¢., 90 5956.0 She. 0
956.10 S96. 0 5%6.0
556.0 556 .0 Sh6.0
556,10 556.0 $556.0
596.0 556.0 556.0
C-25
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Prop Diameter
75.0000
80.0000
85,0000
90.0000
95,0000

Prop Diamnter
75,0000
80,0000
&5,0000
?0.0000
GH.0000

vroy Diamator
7u. 0000
80.0000
]L.0000
?0.0000
u.0poe

Pron Diamater
7L.0000
30.0000
20, 0000
P0.0000
$%.0000

Prop Diameter
75.0000
80.0000
B85.0000
90.0000
95.0000

Part(c)

Table C-6

(Continued)

WYLE LARS NOIGE STUDY -~ T210, 4 BLADES, 2500 RPM MCP

Crvise efficiency PAYLOAD RANGE

0.036R6
0.03818
0.03775
0.03406
0.0337%

85,00
45,85
44,19
45,21
47,02

54.86

35.000
1.233
1.172
1,121
1.088
1 ] 045‘

83.0
181.4
184.4
183.3
179.5
174.2

85.000
0.874
0.893
D .8R8
0.8B67
0.83%

0.03677
0.03752
0.036979
6.03512
0.0326¢

100.00
44,94
43 .34
46.0°
49 .20
S9.1%

100,000
1.229
1.153
1.09¢
1.0A0
1.018

Avaragn Cruise Speed

100.0
181.1
183.0
181, 6
177.2
171,56

100.000
0.874
0.886
0.878
0.8%54
0.819

C

Activity Factor
8%.00000 100.00000 115,00000 130.00000

0.0364%5
0.03705
0.0362R
0.034728
6.03160

Time to Climb

0.03680°
0.03651
0.03562
0.03349
0.03046

- min

Activity Factor

115,00
44 .97
45.07
46 .71
S2.24
64 .58

130.00
44,44
1h. 41
47,87
36.18
72,50

Vp/Vas B 24000 €1

Activity Factor

115,000
1.166
1.117
1.07
1,029

0.9z

130.000
1.1490
1.075
1,044
H.999
0.963

KTASPAYLOAD RANGE

Activity Factor

115.0
180.4
18 .7
177.9
175.4
169.0

130.0
179.4
180.5
178.5
173.5
166.8

V/Vx PAYLOAD RANGE

Activity Factaor

115.000
0.870
0.87v
0.869
0.842
0.804

-26

130.000
0.865%5
0.872
0.R61
0.833
0.7%90
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Table C-6 (Continued) .
DATA FILE W.SE4R
WYLE LAR: NOTISF STUDY -- T210, 4 RLADES, 2500 RFM MCP

Fuel Volume Ratio

Activity Factor
Proo Diagmoter 85.000 100,000 115.000 1306.000

7L.0000 .62 2.641 2.6A1 2.641
80.0000 2.641 2,441 .61 2.641
. 0000 2.641 2,641 2.641 2.641
90.0000 2.541 2,641 2,641 2.641
Fu.0000 2.641 2.641 2.641 2.641

MAX SPEED KTAS AT 17000 FT,

Activity Factor
Prov Diameter 85.000 100.000 115,000 13(3.000
75,0000 188,941 188,570 1R7.576 186,544
80.0000 191,360 189,948 188.630 187.542
£5.0000 191,051 189,487 187,907 186,390
90.0000 183,303 186,327 184.533 182,873
@-.0000 183, R67 181,484 179.318 177.312

PRICK EST.

Activity Factor
Proy Diamatoer b 100 115 130
7%.0000 183047 182837 182276 1R 69
80.0000 184413 183427 182871 182257
gih.a000 184239 183354 187491 181663
?0.0000 182637 181%71 180559 179623
?w.0000 180184 178840 177620 176491

par, EST.

Activity Factor
Prop Diameter 5.00 100.00 115,00 130,00
74,0000 118,41 118,34 118.1& 11R.00
80.0000 113.82 118,58 118.35 118.17
., 0000 11R.76 118,50 118,24 117.99

?0.0000 118. 30 117,97 117,664 117.39
9H.0000 117 .55 117 .10 116.79 116.4%




WYLE LARK NOISE STUDY -- 1210,

Pron Diameter

75,0000
]0.0000
50,0800
90.0000
S 0000

Pron Diamater

75,0000
30,0000
#h.o000
90.0000
g0.0000

Pron Diameter

70, G000
80.0000
85,0000
?0.0000
w.000¢

Pron Diametor

7%, 0000
80,0000
t5.0000
20.0000
gw.0000

Pronp Diam2ter

Part(a)

7%.0000
80.0000
€@, 0000
90.0000
vw.0000

85.0
77 .1
79.2
1,46
11.%5
avz.7

35.0000
0.01%20
8.01920
0.0190
0.0190
6.0190

35,0000
6.0490
0.0490
0.0491
6.0470
0.0490

835.10
449 .6
2339 .8
R2A17.4
2644.7
3039.8

8u.10
494 .1
490.7
465,10
429 .0
377.4

Table C-7

100.0
7¢.9
79.1
Bi.7
84.6
B7.9%

100,0000
0.0190
0.019u
0.019¢
0.0199
0.0190

100.0000
a.04940
0.04%8
0.02%0
.04%0
0.0490

4 RLADESR, 2400 RPM MCP

NOISKF dRA

Activity Factor

115,0
76.8
79 .1
81.8
84 .7
88,0

130.0
76.7
7%.1
81.9
B4.8
8R.?

Drag Polar Cdo

Artivity Factor

115.0000
D.81990
D.D19D
0.0190
D.D19D
8.0190

130.0000
0.01%90
n.0190
D.0190
N.0190
0.0190

Drag Polar 1/nAe

fctivity Factor

115.0000
¢.049¢0
8,848
0.0290
b.84ve
0h.04%0

TAKEQFF DIST.

100.0
A370.6
2323.7
2432 .7
2692 ., 4
3112.1

ROC @ $FA

100.0
489 . 4
472.7
448.5
412.7
361, £

130.0000
0.04Y0
0.0490
0.0490
D.0490
0.049¢

ft.

Activity Factor

115.0
2317 .8
2320. 4
245%,0
2737.4
3176 .1

LLEVEL

130.0
2283.8
23261
2483.3
2785.5
In42.1

ft/min

Activity Factor

115. 0
484 .1
457 .2
431 .8
399.10
349 .0

130.90
471.R
4141.5
418.7
38%.4
336.7

o o




Table C-7 (Continued)

WYLE LAKES NOISF STUDY -- T#10, 4 RLADES, 2400 RPM MCP ;

Prop Diameter
75.0000
80.46000
€5.0000
90.0000
9%.0000

Prop Diameter
75,0000
80.0000
£%.0000
?0.0000
®%5.0000

Prow Diamater
L. a00c
80.0007
£5.0000
20.0000
U.0000

Prop Diameter
75,0000
80.0000
84,0000
?0.0000
95,0000

Pron Diamater 85,0 100.0 115.0 130.0
75.0000 556.0 556 .0 556.0 556.0
80,0000 %56.0 556 .0 556.10 596.0
€%5.0000 556.0 56,0 Su6 .0 556.0
90,0000 5556.0 654 .0 596.0 5456.0

$.0000 BS6. 0 $56.0 856 .0 §56.0

Part(b)

C-29
i atiaiting Yo,

RIC @ 24000 €1 ft/min s
Activity Factor |
85.0 100.0 115.0 130.0 :
315.5 363,72 367.6 334.6
350.4 346.5 353, 2 319,2
347,3 314.0 29%.9 280.1
302,9 28%5.6 258.1 P23.4
253.5 216.0 185.4 155,72 *
Range — NM b
4
Activity Factor
83.0 100.0 115.0 130.0
769, 3 787.9 769 .,5 765, 7
807.5 802.5 796 .5 786.5 |
fo8.2 796, 1 784, 4 7€1 .5 :
792.9 783 .1 770.7 754, 7 ]
766.7 747 3 775 703,72

CRUISE SPEED KTAS

Activity Facter

35.0 100,10 115.0 130.0
189 .4 190.,2 190.4 190.1
195.8 194.9 193.4 192.3
196.6 195,40 19X.7 192.3
194.7 19.2.8 191, 1 189.4
190.8 188, 4 186,23 1B4.4

Baszic Fmpty Weight - 1lhs

Activity Factor
85.0 100.0 115,90 130.0
f789.0 289 .0 2289.0 2:89.0
289.0 2289.0 2289 .0 2289.0
2289.0 2289.0 2289 .0 2289.0
2289 .0 2289 .90 2289.0 2289.0
2289.0 27°89.0 2289 .0 a27289.0

Requiraed Fuel Canacity ~ 1bs

Activity Factor




WYLE LAKS NOISE STUDY -- T210, 4 RLADES, 2400 RFM MCP

Prop

Proon

Pron

Prop

Pron

Diametrer
75%.0000
80.0000
€%,0000
908.0000
@%.0000

Diametar

L. 0000
80.0000
85,0000
90.0000
95,0000

Diameter
Zu.0o0¢0
80.0000
25,0000
90,0080
24,0000

Diameter
75,0000
80,0000
€©5.0000
90,0000
9%.0000

Diamater
7%.0000
0.0000
S.0000
?0.0000
95.0000

Part(c)

Cruise efficiency PAYL.OAD RANGE

0.03641
0.03872
0.03897
D.03818
0.03669

85,00
64,76
S54.94
53 .80
56.28
61.30

a5.000
1,262
1,188
1.141
1.0893
1,058

85%.0
193.¢
19?.1
199.7
197.8
194,72

85.000
0.940
0.972
0.975
0.96%
0.946

0.03671
0,03833
g.03838
0.03743
0.03579

Time to Llimb

100.00
55,93
94.14
55,52
57 .31
66.17

100,000
1.213
1.149
1.09%
1.051
1.019

Avaragz Cruise Speod

100,0
194,2
198 .1
198.,2
196.0
192.0

Activity Factor
85.00000 100,00000 115.,00000 130.00000

0.03672
0.03784
n.03781
N.03672
0.03498

0.036%59
0.03737
D.03726
0.03607
0.03424

- Mmin

Activity Factor

115,00
54.71
93,71
S5b6.47
59.87
71.79

130,00
54.99
S5%5.45
7,34
6$4.23
79.71

Vy/Vs @ 24000 f1

Activity Factor

115.000
1.214
1.137
1.068
1.034
0.994

130.000
1.147
1.095
1.048
1.013
0.972

KTASPAYL.DAD RANGE

Activity Factar

115.0
194.2
196.9
196 .9
194.3
190.1

130.0
193, R
195.7
195, 6
192.8
188,23

V/Ux PAYLOAD RANGE

100,000
0.9243
0.967
0.968
0,957
0.93%5

Activity Factor

115.000
0.92%
0.940
0.941
0.948
0.92°4

130.000
0.9243
0.954
0,952
0.939
0.914

it oy

‘ Table C-7 (Continved) | 1
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WYLE LAXS NDISE STUDY -~ T210, 4 BRLADES,

Prop

Proyp

Perop

Pron

Diamnter
75.0000
80.0000
©5.0000
®0.0000
=.0000

Diameater
75,0000
80.0000
£5,0000
90.0000
G5, 0000

Diameter
2, 0000
30.00600
G, 0000
90.0000
%.0000

Diameter
75,0000
an.,0000

.0000
90.0900
§%.0000

Part(d)

8%.000
2.621
2.641
2.641
2‘641
?.641

85.000
189 .000
175,404
196.18%
194,278
190.309

85
163080
1852072
187147
186063
183819

85.00
118,47
119.50
119.63
119,31
118.64

Table C-7 (Continued)

100.000
2.641
2.641
2.641
2.641
2.641

MAX SPEED KTAS

2400 RPM MCP

Fuel Volume Ratio

Activity Facter

115.000

2.641
641
.641
641
. 641

™ oMY

130,000

2.641
2.641
2.641
2,641
2.621

AT 24000 FT.

Activity Factoar

100.000 115.000 130,000
189,758 189.970 169.670
194.455 193.161 191 .894
194,621 193,218 191,907
192,338 190.620 188,924
1R7 .973 185,852 183 . 884

PRICE EST.

Activity Factor
100 1145 130
183508 1834628 183461
186144 1835432 184715
186277 185520 184723
184994 183995 183037
182500 181303 180193

DO EST.

Activity Factor
100.00 115,00 130.00
118,50 118,58 118.52
119.34 119,12 118.91
119,37 119,10 118,91
118,99 118,49 118,40
118.24 117 .89 117,56

C-31




APPENDIX D

Projected Trends in Noise Impact Around General Aviation Airports

Evaluation of the impact of noise from general aviation aircraft provides a
useful perspective for considering the need for applying source noise control to the
dominant portion of the aircraft (i.e., small propeller aircraft) which make up this

D-1 provided a quontitative estimate of the total land

fleet. One previous study
area and population within the Ldn 65 contour around 6,610 general aviation
agirports for which traffic data were available as of 1972, Noise impact was
assumed negligible for an additional 5,800 general aviation airports of record, as of
l972,D'2 which were assumed to be private with unlighted, unpaved runways.
These estimates have been revised using more recent F AA fraffic data at 1,507 of
the nation's busiest general aviation oirporfs.D'B’ D-4 This resulting profile of
numbers of such airports, broken down by the number of annual operations, the
availability of jet fuel, and runway length is shown in Table D-1. The remainder of
the 6,610 airports not included in this update were assumed to fall into the same
range of operations and airport type (i.e., no jets, runway less than 3,500 ft) as
before.

The same airport modeling techniques applied in Reference D-1 were
reapplied with the updated traffic data in Table D-1! to provide a new estimate of
the impacted area and population around general aviation airports. The techniques

involved in the original study included the following major eIemenfs:D"

o An average airport was defined for each of the four airport categories
listed in Table D-1.

o A mix of operations by type of general aviation aircraft was estimated
for each airport type. The types of general aviation agircraft consisted
of large or small jets (thrust greater or less than 8,000 Ibs), large and
small turboprop and piston propeller aircraft (with engine greater or
less than 1,450 horsepower). The resulting distribution of operations
by airport and agircraft type is shown in Table D-2.

o From References D-2 and D-5 and Table D-2, an estimate was made

of the absolute number of operations of each aircraft type. In the

D-1

original study, approximately 88 percent of these operations were

estimated to consist of flights by small propeller aircraft. Although




Table D- 1

Estimated Distribution of Annual Operations of
General Aviation Aircraft by Number and Airport Type*

Number of Airports
Jet Fuel Jet Fuel
Number of Available Awailable No Jets No Jets
Annual Runway Length {Runway Length | Runway Length | Runway Length
Operations >4,750° <4,750* > 3,500 <3,500'
> 400,000 6 |
200,000 - 399,999 14 2 i15 2
100,000 -~ 199,999 63 2 43 6
50,000 - 99,999 102 6 82 24
25,000 -~ 49,999 156 10 182 96
10,000 ~ 24,999 126 12 175 1,509
1,000 ~ 9,999 43 4 2,847
< 1,000 4 1,078
Total 514 36 498 5,562

*Dmo from current F AA statistical records

D-2




S e e s

Percent Distribution of Operations for Each General Aviation Airport Category

Table D-2

in Table D-1 and for Each Aircraft Type

Airport
Category

Lcrge,l

Piston

Small Piston

Turboprop

Single
Engine

Mutti-
Engine

Large

2

Small

Large
Jets

Small
Jets

Total

Large
Airport
with Jets
5% Night
Operations

0.3

85.7

8.6 0.7

2‘0

0.9

100

Medium
Airport

1% Night
Operations

0.3

87.5

8.8 0.7

0.9

100

Large
Airport
without Jets
1% Night
Operations

0.3

8.9 0.7

1.8

Small
Airport
0.5% Night
Operations

89.2

9.0 0

l Thrust
2Horsepower

8,000 Ib
1,450 hp

e e bl el e o (Rl

sl ety

ot




the current general aviation fleet now has a slightly greater proportion
of business jets, they still constitute only about |.3 percent of the
fixed-wing general aviation fleet and operations of small propelier
gircraft still dominate the operations of general aviation aircraft.

Standard contour calculation methods, using INM,D'6 were then

applied to estimate noise contours for a conservative model for the

operational pattern at each airport.

Finally, data on populations exposed to airport noise2- 1 D-7, D-8

were used fo estimate the population within these contours for each of
the airport types.

Scaling factors based on the distribution of numbers of operations by

girport typeD"’D'8 were then used to scale the values for each

average airport to the nation,

To provide a very rough estimate of the previous and future trends in the

population impacted by general aviation operations, the following scaling models
were used, based on results for the 1975-1980 time period and on other airport

noise impact studies.

o]

D-1,D-7,D-8

Average total number of operations per year per general aviation
aircraft was assumed to be 640. (If only general aviation operations at
FAA-operated control towers had been used, this figure would have
been only about 250 per year.)

Noise impacted area was assumed to scale as the number of operations
to the 0.9 power (Reference D-8).

The same (nonlinear) relationship between population and contour area
employed for the 1975-1980 baseline period was used to estimate
trends in population impacted by general aviation aircraft operations.

The result of this evaluation, which is only intended to provide approximate
trends, is shown in Figure D-1| in terms of the estimated number of operations of
general aviation aircraft and the population impacted by these operations. Note
that the ordinate value for some of the curves has been multiplied by a constant
for convenience in plotting. An estimate of the number of people impacted for the
nation is shown in Figure D-| for both Ldn 65 and 60 contours, The latter value

D-4

i sy ¢

k.




7
10
1 ] R ] |} _
" -EEEE::_3:_EEOPIC Inside Ldn 65 _
~§~~ .
|_Air Carrier (Ref. No. D8) ;
Noise Impact f
Number of Operations x 0.1 - 7 :
6 - i
10— m—— —
K
- ~ !
-3
*'\// -
Y
(at\oﬁl//
- e
General Aviation 0P - ‘56

Noise Impact

Number of Operations/Yr or Number of People

P——-Projected

;03 1 l 1 J i

1960 1970 1980 1990
YEAR

Figure D1. Estimates of the Historical and Projected Trends in Total Number
of Operations and People Exposed to Noise Around Air Carrier and
General Aviation Airports.




shown.

Figure D-1.
I

Several general observations can be made about the trends indicated in

The number of people exposed to noise from air carrier operations
reached a maximum in about 1970 and has decreased subsequently as
the very significant reduction in source noise for new wide body
gircraft, and a corresponding flattening in the growth of operations,

became effective.

No such pattern is indicated for the number of people exposed to noise
from general aviation aircraft. While the trend lines shown do not
reflect the current introduction of quieter propellers or quieter
business jets, there is no expectation that a major reduction in source
noise, comparable to that achieved by transition of the air carrier
fleet from pure jet engines to low and then high bypass ratio turbofan
engines, can be expected for the general aviation fieet, in the absence

of further reductions in the noise of propeller aircraft.

Thus, while the total national noise impact of general aviation
gircraft, as measured by number of people exposed to noise of their
operations, is much less in magnitude than for air carrier aircraft, it is
expected to continue growing at the rate of the order of 7 to 8 percent
per year for the next 10 years. This is comparable to the anticipated
growth rate in total number of operations of general aviation aircraft.
The influence of introducing quieter business jets and quieter propeller
aircraft based on current technology, will be partly offset by the
growth in number of operations of general aviation aircraft. (There is
no basis for a lower growth in operations such as achieved by use of
wide-body aircraft in the air carrier fleet.)) Further, the population
impacted within an airport noise contour grows raore rapidly than the
growth in the area of the contour as the latter extends farther and
far ther into the community beyond the airport boundary.

D-6

was obtained from the same consistent trend in total national contour area vs Ldn
valvue that has been found in previous studies. D1 D-710-8 o the sake of
comparison, comparable trends in the number of air carrier aircraft operations and
the total number of people within the Ldn 65 contour for these operations is also

et b




To place this rough analysis in even closer perspective for purposes of this
report, it was desirable to estimate that portion of the total number of people
exposed to general aviation aircraft noise which is attributable to operations of

small propeller aircraft (i.e., propeller aircraft with a maximum takeoff weight
less than 12,500 |b). Based on the same data and procedures outlined above, it was
estimated that:

o  About 50 percent of the total noise impacted area (and corresponding
population) exposed to noise from general aviation gircraft is due to
operations by small propeller aircraft. (The total area within the L dn
60 contour for all general aviation airports is estimated to be about
800 square miles in 1980.)

o At least 75percent of all general avigtion airports (currently over
14,000 in number) are served exclusively by such aircraft.

o Of the remaining general aviation airports, small propeller aircroft
generate about 94 percent of the operations (i.e., single noise events)
and about 40 percent of the contour area.

In summary, while the total magnitude of the population exposed to smatl
propeller aircraft noise (i.e., currently estimated to be at least 130,000 people
inside the Ldn 60 contour)* is much less than for air carrier aircraft, the noise
impact from such aircraft is still significant due to its continuing growth rate, its
extensiveness over many communities, and the expected higher sensitivity of
people in relatively quiet communities adjacent to small general aviation airports.

These conclusions are consistent with the increased concern about general
aviation aircraft noise reflected, for example, in recent conferences on the topic
held in the U. S.D' 10 and the extensive research and investigation on the problem
in Frcmce,D'l | Germmy,D' 12 Switzerland,D' 13 ard the Netherlonds.D' 14

One aspect of the noise impact from general aviation aircraft not brought
out by this simplified analysis is associated with the most critical locations around
general aviation airports from the standpoint of noise impact. The main body of
this repbrf has pointed out that noise levels generated during takeoff by most
propeller-driven small airplanes (except, perhaps, fixed pitch propelier aircraft) are

*A more conservative estimate of the relationship between population and contour
area around general aviation airports wouid indicate a total population, within the
L4, 60 contour, in 1980, of roughly twice this value which is in approximate
agreement with preliminary results of a current, more detailed study of general
aviation noise impact undertaken by EPA (Reference D-9).

D-7




generally higher than during cruise. Depending on the size and mission of the
aircraft, the distance from brake release where the takeoff power (i.e., propeller
rpm) is cut back to cruise condifions, will vary substantially.

However, it is possible to generalize to this extent conceming noise impact
under the takeoff path. An extensive statistical survey of population density
around o large number of airports was reported in Reference D-1. These data
showed that for the smaller airports, with (commercial) operations in the range of
10 to 39 per day, a peak population density in the range of 500 to 800 people per
square mile is not reached until one is about 2 miles (approximately 10,000 ) from
the center of the runway. Assuming on average runway length for such small
airports of 4,000 ft, this places the peak population density at about 12,000 feet
(3.7 km) from brake release. At this distance, one can expect that the smaller
propelier-driven general aviation aircraft will have normally reached their cruise
altitude (and hence cruise power setting). Thus, noise impact underneath the flight
path of these smaller aircraft, which often spend o substantial portion of time in
pattern flying near the airport, is most likely to be associated with cruise power
settings. This is, of course, even more likely for the case of fixed pitch propeller-
driven aircraft based on the pattern reported herein from the flight test program
(i.e., higher propeller rpm during cruise for the Cessna 172P at MNOP than during
takeoff).

This rough generalization could be used as an argument to retain the level
flight noise certification test procedures for the smaller propeller-driven aircraft.
However, this neglects the frue situation around many small airports where sideline
distances to substantially populated residential areas are often quite short. Thus,
noise exposure along these sideline areas due to the higher noise levels generated
during takeoff by most propeller-driven small aircraft, again possibly excepting
fixed pitch propeller aircraft, may very well be a dominant part of community
noise impact of general aviation aircraft.

Clearly, more definitive information on the actual location, relative to the
takeoff flight path, of residential areas most exposed to general aviation noise is
needed.




D-2.
D-3.

D-4.
D-5.

D-6.

D-7.

D-8.

D-9.

D-10.

D-11.

D-12.

D-13.

D-14.

REFERENCES FOR APPENDIX D

Meindl, H. G., et al., "Costs and National Noise Impact of Feasible Solution
Sets for Reduction of Airport Noise,” Wyle Research Report WR 75-9,
prepared for U, S. Environmental Protection Agency, February 1976.

FAA Statistical Handbooks and Statistical Activity Reports, 1972 to 1978.

Stearns, J., Brown, R., and Keefe, L., "Humon Response to General
Aviation Aircraft Noise," Wyle Reseorch Progress Report No. 5, March 25,
1980, Contract No. NAS|~15388.

Personal Communication, David Winer, FAA, February 1980.

R. Dixon Speas, "The Magnitude and Economic Impact of General Aviation
1968-1980," 1970.

U.S. Department of Transportation, Federal Aviation Administration,
"Basic User's Guide for the Integrated Noise Model Version [,”
FAA-EQ-78-01, January 1978.

Bartel, C., Sutherland, L. C., and Simpson, L., "Airport Noise Reduction
Forecast, Volume | — Summary for 23 Airports,” prepared by Wyle Research
for U.S. Department of Transportation, Office of Noise Abatement,
Report No. DOT-TST-75-3, October 1974.

Bartel, C. and Sutherland, L. C., "Noise Exposure of Civil Aircarrier
Airplanes Through the Year 2000, Vol. | -~ Methods, Procedures, Results,"
prepared by Wyle Research for U. S. Environmental Protection Agency,
Office of Noise Abatement and Control, Report No. EPA 550/9-79-313-1,
February 1979.

Personnel Communication with John Tyler, Environmental Protection
Agency, January |982.

Bragdon, C. R., ed., "Conference on General Aviation Airport Noise and
Land Use Planning," Volumes|, 1, 1ll, Report No. EPA 550/9-8-320,
February 1980.

Center of Air Psychology Study and Research, "Nuisance Caused by Light
Aviation. Enquiry Conducted Around Four Aerodromes of the Parisian
District,” NASA TM-76532, February 198I.

Rohrmann, B., et al., "Disturbance to the Population Due to Flight
Operations at Landing Fields," NASA TM-76531, February 1981.

"Annoyance Caused by Light Aircraft Noise,” NASA TM-76533, March
1981.

van Deventer, F. W. J., "Propeller Aircraft Noise Around General Aviation
Airports," SAE Paper 790594 presented at Business Aircraft Meeting and
Exposition, Wichita, April 3-6, 1979.




APPENDIX E

lllustrative Example of Tradeoff Between Engine Power and

Aircraft Weight to Maintain Performance

Perhaps one of the more severe penalties that might occur as a result of
imposing source noise control technology is associated with a loss in engine power.
For an aircraft designed close to its limiting minimum climb rate of 300 ft/min
required by FAR Part 23, any such power loss can require a related reduction in
gross takeoff weight in order to maintain the minimum climb rate. However,
seemingly small reductions in horsepower can result in very substantial losses in
cabin payload or fuel load — either factor presenting a serious loss in aircraoft
productivity. This loss could be overcome, however, by corresponding reductions in
empty weight. This is best illustrated by an example.

The typical tradeoif relationship between a reduction in horsepower and the
necessary percent reduction in gross weight in order to maintain the same climb
rate for a typicnl single engine, four-place, retractable landing gear propeller
aircraft is about 7 percent weight reduction for a 10 percent horsepower
reduction.” This relationship was applied to the case of an aircraft with an original
gross weight of 3,300 Ib, empty weight of 2,000 Ib, fuel load of 500 b, and cabin
payload of 800 Ib. The results, summarized in Table E-i, show the decrease in
either of these latter two weight parameters for just a 3 percent reduction in
horsepower and with or without 3 percent decrease in empty weight. The results
are that, for the Case (I) for a constant fuel load (or nearly constant range), the
reduction in cabin payload is either about 8 or only 0.7 percent, depending on
whether the 3 percent weight reduction is included.

If the cabin payload is maintained constant (Case Il), the necessary decrease
in fuel load (proportional to range) would be about |13 percent without any weight
reduction or 1.2 percent with a weight reduction. While vastly simplified, this
example serves to point out the fact that small decrements in aircraft performance
can have a large relative impact on agircraft productivity, but that this penalty can
be nearly offset if weight reductions, equal or greater than the engine power
reduction on a percentage basis, can be utilized. The potential benefit of applying
new high strength to weight materials for major structural portions of an aircraft
is clear.

’Marinelli, J. ond Benefiel, R. L., "Designing for Noise and Emission Control in
General Aviation," Beech Aircraft Co., AIAA Paper 73-1158, 1973.
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Table E-1

Illustration of How a Decrease in Empty Weight of 3 Percent Can Nearly Offset a
Decrease in Engine Horsepower of 3 Percent When Same Takeoff Climb Rate is
Maintained for a Typical Small Propeller-Driven Aircraft

After 3% Reduction in Horsepower

Weight Element Original

(in pounds) Weight Same Empty Weight 3% Decrease
Gross Weight 3,300 3,234% 3,234
Empty Weight 2,000 2,000 1,940 (-3.0%)
Useful Load 1,300 1,234 (-5.0%) 1,294 (-0.5%)
Case | - Maintain
Same Fuel Load 500 500 500
Cabin Payload 80O 734 (-8.2%) 794 (-0.7%)
Case |l - Maintain
Same Cabin Payload 800 800 800
Fuel Load (Range) 500 434 (-13.2%) 494 (-1.2%)

*

Based on typical tradeoff between gross takeoff weight and engine horsepower of
about 7 percent weight reduction to maintain the same takeoff climb angle for a
10 percent reduction in horsepower.
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